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BENDIX* BRAKES 
Standard of Safety 
Wherever Wheels Tur 


For over 20 years Bendix research has been mak 
ing automotive brakes smoother, safer, and easié 
to operate. For example, in the Bendix Duo-Serv? 
Brake the friction of one brake shoe “serves # 
second shoe against the drum. The result is 4 
markably effective brake that needs only a ligh! 
pedal pressure. This type of creative engineeritg 
plus mass production know-how, has made Bendit 
Brakes the standard of safety wherever wheels 

A new booklet, “Bendix Duo-Servo Brakes: 
describes this interesting brake principle. Send '* 
your free copy. nec. U.S. PAT. 
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EXCERPTS FROM PAPER* BY 


R. J. = Pigott Chief Engineer 


Gulf Research & Development Co. 


WE are all aware that research ought to 
be most actively pursued during times of 
least stress; but human beings are illog- 
ical, and the most rapid developments 
usually occur under pressure during a 
war. As aconsequence the picture on fuels 
and lubricants, and on design ideas, was 
considerably changed during the late un- 
pleasantness. 


FUELS 


Octane value of gasolines, to serve 
higher compression ratio engines, has 
been pushed tremendously for some years 
and charts have frequently been published 
showing that all the gain in horsepower 
has been due to octane rating. Many have 
thought that because 100 octane gasoline 
(and higher) had to be made for war 
Planes, we should be using 100 octane in 
Passenger cars shortly. This foolish idea 
needs deflating. 

In the first place, 100 octane gasoline 
for general use would cut the total pro- 
duction considerably, by present refining 
methods. This we could not possibly af- 
ford; but we cando something shortly with- 
out sacrificing output. There are now en- 
gines designed that would be satisfactory 
for passenger service at compression 
Tatios of 7.5 or 8 to 1, which will re- 
julre something like 88 to possibly 93 
Research Method octane number. The de- 
signers have now controlled roughness 
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Gains in wartime fuel and lubri- 
cant developments and their in- 
fluence on engine design are re- 
ported in this roundup article by 
SAE President Pigott. 

He surveys prospects of higher 
octane gasolines, synthetic lubri- 
cants, fuel injection, and new 
bearing materials. On these and 
other petroleum and engine ad- 
vances, frank analysis backed up 
with engineering facts of life 
support his forecasts. 





simply by making the engine structure 
sufficiently rigid. 

Preignition has hitherto shown up pro- 
nouncedly as compression ratio increases, 
in ordinary designs faked up to 8.5 to 
1, but seems to be under satisfactory 
control in the new designs. 

These new designs show gains in economy 
of possibly 25% at 8 to 1, 40% at 12.5 
to 1. These gains considerably exceed the 





*Paper “Developments in Fuels, Lubri- 
cants, and Lubrication,” was presented 
during March and April, 1948 at the fol- 
lowing SAE Sections: Western Michigan, 
Baltimore, Virginia, Syracuse, and Buffalo. 





























cycle gain in efficiency (see Fig. 1) and 
are due to subsidiary effects. Since no 
appreciable increase in power is contem- 
plated, the higher compression ratio pro- 
duces higher bmep and permits a propor- 
tionally smallerengine. It cuts breathing 
and mechanical losses and raises mechanical 
efficiency. This gain is added to the 
cyclic efficiency gain. 

Further, lower dilution with products 
of combustion raises part-throttle effi- 
ciency. So'’we need not be too surprised 
that the actual gain exceeds the cyclical. 
We already know that only 20% of the 
horsepower increase in the period 1930 
to date has been from compression ratio; 
the rest is due to larger size, higher 
revolutions per minute, better breathing 
and manifolding, and other design im- 
provements. 


We probably will not get all of the 
gains indicated above in actual road per- 


formance, but perhaps 80% of them. Much 
of the improvement in lowered Octane de. 
mand of the engine is due Purely ¢, 
design—principally better and more yp). 
form cooling. 

Thus the general view is that ther, 
will be a moderate rate of increase j, 
compression ratio and octane rating {o; 
the next two or three years, tuned to the 
ability of the petroleum industry to sup- 
ply the right fuel. The octane rating, 
now used are based onthe Research Method 
a CFR rating, and are from 6 to10 numbers 
higher than the Motor Method, or AST\ 
rating formerly employed. Before the war, 
the best premium gasoline was 81-83 Motor 
Method. Since the war, the Motor Method 
ratings have not changed significantly, 
but the sensitivity of the fuels has in- 
creased and the best products now have 
Research ratings of 89-93 octane range 
So by the mere substitution of one test 












































SO | 
DP ead 
Ler 
o > + 
IDEAL EFFICIENCY\| |— | rae 
| 
oj, BS wi 
30 Sw a 
ver - 
. \D° ele | 
o~ Ne) 
i _— 
' 5 ° 
e i 250 & 
oO — 
= A a 
S a 0: 
20 <4 200 4 
~ IDEAL MEP = 
eT 
a0 01 @Fig. | - Change i" 
eo full throttle effi- 
“ ISO ciency and mean ef- 

















10 

















fective pressure 
with increase !° 


























3 a 5 6 
COMPRESSION RATIOS 


18 


SAE JOURNAL 





compression ratio 





tow 


sp 








nethod for another, most of the skip 
toward 100 octane has been accomplished. 
Consensus Of opinion collected by A. T. 
Colwell was that 8 to ] would likely be 
the highest compression ratio for a year 
or two. : 

What 1s at present the most interesting 
and valuable improvement now going on is 
tailoring the gasoline to suit the en- 
cine. It 1s now known that a single octane 
nunber does not fully define the quality 
of gasoline since the engine octane de- 
mand varies with speed. Therefore, of two 
gasolines of identical octane number by 
any one method, one may be knock-free at 
high speed, not at low; the other the 
reverse. We now run road ratings at speeds 
from 10 to 70 mph and get the characteris- 
tic octane rating of the gasoline with 
speed. When this has been done, the single 
standard test octane number is an ade- 
quate criterion of the general level of 


the octane value for control purposes. 
Fig. 2 shows a typical curve. 

Other much less publicized qualities 
of gasoline are important. Volatility 
determines the engine behavior con- 
siderably, and has almost as much in- 
fluence on driver good temper as octane 
value. The 10% evaporation temperature 
generally accounts for ease of starting; 
the 50% point for quick warm-up; the 90% 
point, to a lesser degree for warm-up and 
engine fouling deposits. Gasolines ac- 
tually have been on the market, that 
started instantly in cold weather; but 
the engine immediately died and several 
starts were necessary. This means 10% 
point 0.K., 50% point too high. The re- 
verse has also been true. Fig. 3 shows 
the general range. 

It is plain that the refiner has a 
rather difficult task in many cases since 
he has been chiefly refining to get high- 


@Fig. 2 - Gasoline octane number may vary with speed. This is the 
case with these two fuels, according to the charted road octane 
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er octane value. But he must simultaneously 
control volatility, and the two do not 
always travel together in refining. So a 
compromise must be adopted, always keep- 
ing cost of manufacture in mind. 

The use of tetraethyl lead has always 
been justified, since it has been up to 
the present the cheapest method of get- 
ting octane rating. But the lead suscep- 
tibility of gasolines is such that in- 
creasing amounts of lead produce less and 
less improvement in octane value. 

As matters stand, we have gasolines 
that are ample in octane value for all 
the present cars, new and old, and they 
are improving in volatility characteris- 
tics and stability. 

The old argument of carburetion versus 
injection still goes on, without about 
the same conclusions. Injection can get 
rid of most distribution troubles (air 
distribution can cause some of the dif- 
ficulties), which are usually present 
in carburetor plus manifold combinations. 
Injection means leaner average mixture, 
lower octane requirement, and better 
economy; theoretically, that is not, 


however, always attained in commercial 
use. 


INJECTOR PROBLEMS 


The main obstacles are cost and main- 
tenance, the injector system must be pre- 
cision made and is therefore quite vul- 
nerable to poor lubrication and dirt; 
diesel injector experience is a good 
proof. But the major item by far is first 
cost. Until the injector system is about 
as cheap as a carburetor system, it will 
not see much application to gasoline 
engines. 

Diesel fuels and fuel oils have been, 
in general, a byproduct of gasoline re- 
fining. Since “cat” cracking is consider- 
ably employed, we must accept “cat- 
cracked” material in these fuels also, 
and the advantages and disadvantages are 
of much the same kind. 

The advantage is higher Btu per gallon 
and there may easily be advantages in 
ignitability. The disadvantage will be 
due chiefly to lower stability in blends, 
and has given rise to deposits in stor- 
age tanks and clogged filters in the 
earlier blends brought out. Some trouble 
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also can be seen in deposits on the burp. 
er and boiler, but it should be stresseq 
that “cat-cracked” materials do not Need 
to be any less stable than straight-ry, 
stock. 

The refining operation can be readjusted 
to make highly stable fractions, and some 
of the latest fuel oil blends containing 
50% “ cat-cracked” material show as good 
burner performance as 100% straight-run, 
All of these conditions had to be found, 
as little or nothing was known of the 
peculiarities of “cat-cracked” stock 
when it was first produced. Many hundred 
thousand dollars have been spent in re- 
search on the new fuel oils since \-] 
Day. 

In all probability we shall find that 
much the same properties required to make 
a diesel fuel good are required for a 
fuel oil. We are beginning to establish 
correlations between cold starting and 
smoke. And such criteria of diesel fuel 
as specific gravity, cetane number, 
cetane index, diesel index, aniline 
point, acid absorption, acid floccula- 
tion, and the English test for smoke- 
point may be of value for the performance 
of fuel oil. Carbon-hydrogen correlation 
also looks promising. 

It is to be noted that there is a dis- 
tinction between ignitability and burna- 
bility. Ignitability is probably chiefly 
controlled by front end volatility, but 
burnability involves the character of 
combustion. 


“CAT” OIL DEPOSITS 


Straight-run oils, chiefly paraffinic 
and naphthenic molecules, appear to burn 
directly to carbon dioxide and water 
vapor; but “cat-cracked” oils, containing 
high olefins and aromatics, appear to 
burn by a kind of two-stage process. 
First there occurs a partial oxidation of! 
some of the material to resinous oF 
gummy material—a kind of cracking with 
oxidation. These intermediate compounds 
appear to have a high ignition point; 
and if the furnace parts or refractories 
are not hot enough to ignite them, they 
will deposit as gumorresin, fouling the 
burner parts or shorting the starting 
electrodes. The second stage of combus- 
tion extends, so to speak, from the first 


SAE JOURNAL 








whe 


som 
the 
whi 
the 
bus 


pr 


by} 


the 








—— 





shen these byproducts are inturn ignited. 
The rotary wall flame-type of burner is 
somewhat more sensitive to these fuels as 


there 


is an area which is hot and in 


yhich no combustion occurs. It is between 
the fan (where oil and air enter the com- 
bustion chamber) and the point of flame- 
production. This space is not hot enough 
to complete the combustion of the gummy 
byproducts, but is hot enough to cause 


their formation. 


controlling influence on successful oper- 
ation than any oil that may be used in 
it. The proof was plaininthe early days 
of this century when bearings were more 
generally lower load and speed. For ex- 


ample, reciprocating engines and com- 
pressors and later the steam turbine, 
with bearing loads under 200 psi, ran 
very well on oils we should now consider 
quite inferior. The oil remained in use 
for periods of three to five years, prime 
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Gun type burners, which complete the 
combustion in a refractory chamber right 
at the point of entry, are not appreci- 
ably sensitive to these fuels. The com- 
bustion chamber is very hot, combustion 
is largely completed before much heat 
absorption occurs, and the flame is with- 
ina few inches of the atomizer nozzle. 
This fortunate condition should not be 
taken to mean the gun types are generally 
superior to the rotary wall flame types; 


they have other troubles. 


It must be recognized that, in general, 


the design of a bearing has much more 
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@Fig. 3 - Typical distillation data for a premium grade fuel 


movers in many cases operating a total of 
30,000 hr before 011 change. 

In the nodern steam turbine today we 
have very moderate inlet and bearing 
temperatures, not often above 200F, 
substantially no contamination, continu- 
ous filtration and centrifuging. In this 
case the use of oxidation inhibitors has 
greatly increased the oxidation life of 
the oil. But the internal combustion en- 
gine brought in much more trying condi- 
tions. Much higher temperatures are 
prevalent, from a crankcase temperature 
of 240F to 280F up to piston temperatures 
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of 400F or more. 
oil on the cylinder wall is subjected to 
flame temperature, and all of it is ex- 
posed to combustion byproducts. 

Bearing in mind that chemical rate of 
breakdown doubles every 20-degree rise 


Moreover, some of the 


in operating temperature, the usual safe 
life of 60 to 100 hr in automotive en- 
gines is not too surprising. Contributing 
to the deterioration is the contamination 
from gum and water containing sulfur com- 
pounds. These come from the fuel. Road 
dirt, even through the air cleaner, adds 
to the difficulties of proper lubrication, 
as it promotes rapid destruction of con- 
ditioned rubbing surfaces by way of scuf- 
fing. 

A year or so prior ta the war, we 
developed methods of calculating not only 
the performance of bearings, but the per- 
formance of a whole engine lubricating 
system. Since the oil is generally the 
chief means of removing heat from lubri- 
cated parts, the flow over each bearing 
is obviously of major importance. 

Starting with Reynolds, the work of 
Michell, Kingsbury, Howarth, Needs, 
Denison and others has permitted a fair 
rational calculation of bearing load 
capacity. The cooling requirement men- 
tioned above is not the only reason for 
controlled and known flow - the bearing 
conditions, particularly mean viscosity, 
are also directly affected by flow. 

We have been able to compute the flows 
to each bearing in 8 and 12-cyl engines 


within 5% of the measured flow in oper. 
ation. By this means we have found anq 
corrected the cause of puzzling beariy 
failures. Such a method is an exceedingly 
valuable tool in design, to avoid costly 
corrections afterward. 


CORROSION PROBLEM RECENT 


When babbitt was the major bearinp 
material, we never heard of bearing cor. 
rosion, but since loads have increase 
in many designs beyond the fatigue re- 
sistance of babbitt, the newer materials 
have brought with them the corrosion 
problem. Copper-lead and cadmium-silve; 
are two materials of higher fatigue 
resistance, but are very subject to cor- 
rosion. Since corrosion is largely caused 
by organic acids developed in the oil by 
oxidation, the cure is in the form of 
antioxidation additives. These compounded 
oils are available. Fig. 4 shows the ac- 
tion of organic acids on lead in copper- 
lead bearings. Fig. 5 shows initial and 


final stages of fatigue failure. 
The 2-104B oils, developed for Army use 


during the war, were designed to work in 
both gasoline and diesel engines to avoid 
bearing corrosion and to keep the engine 
clean. These oils, containing both corro- 
sion inhibitor and detergent, proved suc- 
cessful in keeping the engine - especially 
the ring belt —cleaner; and they are now 
used commercially for severe truck and 





@Fig. 4 - The gray structure, lead, in this uncorroded copper-lead bearing at left extends to the 


bearing surface. The corroded bearing at right has large voids where lead has been removed 
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bus service, being known as heavy-duty 
oils: Generally they will not cure de- 
posits caused by the fuel or winter 
sludge; no oil at present will do much 
to these kinds of deposits. 

For lighter commercial truck service 
or passenger car operation a mild in- 
hibited class of oil is preferred, known 
as “premium.” The designers in their ef- 
fort for more performance from smaller, 
lighter engines may raise the severity 
of passenger car engines in the next few 
vears so that they need more highly- 
compounded oil. 

Silver bearings have become prominent 
through the aviation industry. This ma- 
terial has the highest fatigue strength 
of any, and is as corrosion-free as 
high-tin babbitt. In other respects silver 
is not good, having low conformability 
and embeddability andpoor seizure charac- 
teristics when dirt is present. But an 
overplate of lead or lead-indium con- 
verts it into a satisfactory bearing, 
very suitable for high load service. 


ALUMINUM BEARINGS EMERGING 


We probably shall see a considerable 
increase in use of aluminum alloy bear- 
ings, since these have high fatigue 


strength, better than copper-lead, and 
appear to be short only on embeddability. 
Investigated by Rolls-Royce after World 
War I, these alloys have been subject to' 


®Fig. 


considerable research and offer a very 
desirable group of qualities. Since tin 
will not be readily available for years, 
the high-lead babbitts are likely to re- 
place high-tin babbitt permanently for 
those bearings requiring only low fatigue 
strength. Aluminum alloys have a chance 
to replace copper-lead and cadmium alloys. 

In hydrodynamic, or perfect film lubri- 
cation, the two important physical proper- 
ties are viscosity and specific heat. The 
specific heat is of interest for cooling; 
but since its value varies only from about 
0.50 to 0.55 in all lubricating oils, 
there is no point inusing it as acriterion 
of value. Cooling must be provided by 
quantity of flow through the bearing. 

From consideration of the formulas for 
load capacity, it would be very useful if 
we could find a liquid with a viscosity 
that does not vary with temperature. No 
such liquid suitable for lubrication is 
known to exist, and none is likely to be 
found. But the variation of viscosity 
with temperature, specified arbitrarily 
by viscosity index, has been improved of 
late years. We still have plenty of oils, 
with V.I.’s of 30 to 65, but all the bet- 
ter grade oils are up around 95 to 105. 
For cases where temperature variation in 
operation is wide, these oils are de- 
sirable. For example, viscosity variation 
—even with these high grade oils—is 40 
to 1 between room temperature and crank- 
case temperature. 

Many oils are now made with viscosity 





5 - Fatigue breakdown has started in the uncorroded main bearing shell, photomicrographed at 


left. The right-hand photomicrograph shows complete fatigue failure in abearing fromthesame engine 
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index improvers, but sometimes the ex- 
perience with them is disappointing. 
Cases have been noted with severe duty 
and agitation, as in the recoil cylinder 
of a gun, where the additive molecules 
break down and the viscosity index im- 
provement is lost. 

The new synthetics can be made of very 
high V.I., 150 and better, and these 
doubtless will be employed to improve 
petroleum oil viscosity index and solvent 
power. The cost is at present about two 
to three times that of high grade petrol- 
eum oils. Therefore, until this situationis 
improved, we shall not see much synthetic 
oil in use, except for moderate blends, 
in aviation hydraulic systems where tem- 
perature varies from ~-60 to +150F, and 
where cost 1s not important. 

Corrosion of copper-lead and cadmium 
alloy bearings has been eliminated by 
the use of oxidation inhibitors. Where 
temperatures are not severe, ordinary 
uncompounded oils will work, but in 
general the corrodible bearing alloys 
are used in relatively severe duty and 
need the compounded oils. 


merged in oil. 

The cause of foaming is improper de. 
sign, and it is much better to preven 
the formation of foam than to break ij; 
after it is formed. Many combat vehicl, 
cases, particularly gear boxes and lube 
oil tanks, with no opportunity to in- 
prove the design, were taken off the sick 
list by this antifoam agent. 


GEAR OIL PROGRESS 


Gear oils have not changed much, but 
the lighter 75 gear oil developed for 
Army Arctic service worked out well. fe- 
fore the war the use of much lighter gear 
oils (SAE 10 and 20) was investigated: 
present results indicate that it may be 
possible to substitute these light oils 
for the heavier material, possibly with 
the use of additives of an E.P. nature 
similar to hypoid lubricants. The reward 
is noticeable in high speed gears, where 
lubricant pumping losses and heat de- 
veloped may be excessively high with 


Detergency is desirable for diesel ring yiscous oil. 


belts and for general engine cleanliness 
in both heavy duty gasoline and diesel 
engines. This property should be desirable 
for aviation engines, although the Armed 
Forces have consistently refused com- 
pounded oils for aviation up to now. 
Detergency agents will not have much ef- 
fect on deposits caused by gasoline or 
on winter sludge. However, it must be 
said that some of the additives used, 
while keeping the engine cleaner, have 
shown some tendency to increase combus- 
tion chamber deposits and foul plugs. 


FOAM SUPPRESSED 


Foaming of lubricating oils is not 
materially different for any normal 
oil. But in general the additives, es- 
pecially the detergent group, increase 
foaming. A valuable antifoam agent was 
developed and is now rather generally 
used. It is employed in very small con- 
centration, 0.01% or less, and completely 
suppresses foam at a free surface. But it 
ls certainly not a panacea as it can do 
little about entrained air bubbles, sub- 
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Summing up, the war-forced developments 
have been good, but not startling. No 
miraculous changes have taken place or 
are expected, but the advance of quality 
and performance has been accelerated. 
Probably the major development, other 
than atomic fission, is that of the com- 
mercial production of the gas turbine. 

It is interesting to reflect on the 
possibility that if the gas turbine 
largely replaces the reciprocating en- 
gine, the need for high octane gasoline 
would disappear. The gas turbine does not 
pose any new lubricating problems, onl) 
extends two factors—temperature and 
speed. All other conditions should be 
easier than reciprocating internal con- 
bustion engines, because lubrication 1s 
not carried on in the presence of com- 
bustion and combustion products. 

Designers of gas turbines are urged to 
consider designing for normal fuel oils 
and to remember in packing their hell- 
fire pin wheel in small space, that al! 
organic liquids break down at 650F. 

Complete paper on which this article 
is based is available from the SAE Spe- 
cial Publications Department. Price 29¢ 
to members, 50¢ to nonmembers. 
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Flight — 
BEYOND 
the Earth 


(This paper will be published in full in 
SAE Quarterly Transactions) 


REALISTIC appraisal shows that space 
travel is not just around the corner. It 
is most certainly going to have to-await 
the development of high-velocity rockets 
with weights too low for easy attainment. 

Existing powerplants might do the job, 
were we willing to pay the heavy price in 
overall weight that would be necessary. 
However, when we begin to compute the 
weights required if human beings are to 
be taken along as passengers with adequate 
provision for their health and safety, the 
astronomical numbers that result surely 
rule out such projects. 

Space travel will come, but by gradual 
process of developing better sounding 
rockets, longer range rocket missiles, and 
eventually undertaking the construction 
of a full fledged space-ship, capable of 
leaving earth’s gravitational dominance. 
The time scale? In decades rather than 
in years. 

After World War I, space-travel soci- 
eties sprang up all over the world in the 
age-old quest of means for voyaging to 
other planets. Skilled scientists and 
engineers saw in the rocket the only 
Powerplant capable of producing enormous 
velocities out beyond the limits of the 
earth's atmosphere where air resistance 
and compression would not burn up a space 
Vehicle, 
| After Hitler came to power, members of 
serman society became interested in 
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building a missile for long-range bom- 
bardment. Supported by the German army, 
the project resulted in the development 
of the V-2’s which made London so un- 
comfortable in the last days of World 
War II. 

From a purely engineering standpoint, 
the V-2’s mark a very important stage in 
rocket development. The German version 
rose to altitudes of about 50 miles and 
traveled approximately 200 miles, and 
attained velocities of 4000 mph. V-2’s 
fired at the White Sands Proving Grounds 
in New Mexico have gone to altitudes of 
over 100 miles. 

The German V-2 demonstrated that liquid 
fuel rockets can be successfully used, and 
these give considerably better specific 
thrust than solid propellant rockets. It 
is necessary to expend a 12-ton vehicle 
in order to deliver one ton of payload 
at the target. The price becomes even 
steeper as we ask more of the rocket 
powerplant. 

Successors to the V-2 will be in a 
position to accelerate to enormous vel- 
ocities without worrying about the drag 
and heating caused by friction of the air. 

If an object is projected out into 
space with a speed of seven miles per 
second, or 25,000 mph, it will travel out 
beyond the earth’s gravitational field. 


*Paper Flight Beyond the Earth’s Atmos- 


phere” was presented at the SAE Detroit 
Section, Nov. 21, 1947. 




















The V-2 with its velocity of 4000 mph 
achieved about 16% of the required speed. 
Will it be possible to achieve the other 
8 4%? 

For the moment we shall neglect air re- 
sistance. As a rocket vehicle travels 
vertically upwards, the rocket thrust 
overcomes the force of gravity on the 
vehicle and at the same time provides an 
acceleration of the vehicle. 

Weights to be considered are the pay- 
load, the total load of fuel and oxidizer 
used during the acceleration process, and 
the total remaining weight of structure, 
tanks, motors, controls, and so forth, 


rocket powerplant and its associate; 
parts is nearly proportional to the 
thrust produced. 

The weight of propellant tanks wil] }, 
proportional to the maximum load the, 
carry. This maximum load will occur whe, 
the product of the load factor and th 
weight of propellants remaining in the 
tanks is greatest. It can be shown that 
for a constant thrust rocket, this pro. 
duct is greatest when the tanks are fy], 
During rocket burning the propellant 
weight decreases faster than the accel. 
eration increases. 

For a rocket vehicle, the rocket power- 
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that constitute the basic weight of the 
vehicle. 

If the rocket thrust is nearly constant 
throughout the burning period, as is the 
case for the V-2, the vehicle will exper- 
ience an initial accelerational load 
factor equal to the ratio of the thrust 
to the initial weight. 

As the burning of the propellants takes 
place, the vehicle gets lighter in weight 
and its acceleration increases accord- 
ingly. The maximum acceleration will 
occur just before burnout of the rocket. 

An exact analytical method for predict- 
ing the ratio of the structural weight to 
the instantaneous weight of the vehicle 
is virtually impossible to evolve because 
it depends to such a great extent upon 
the ingenuity and skill of the design 
engineer. However, a few simple facts are 
immediately apparent. The weight of a 


plant tanks and associated equipment 
constitute the major items of structural 
weight. Since these are proportional to 
the initial accelerational load factor, 
that is, the ratio of the thrust to the 
initial weight, we shall have a better 
indication of the effect of load factor 
on structural weight if we use this 
factor as our characteristic parameter 
instead of the maximum acceleration 
factor. 

The operational V-2’s had a structural 
weight ratio of about 0.24 for an initial 
acceleration of 2g. Later experimenta! 
models dropped down to 0.18. 

One frequently sees rocket weights 
quoted as the ratio of the initial weight 
to final weight. Thus the weight ratio 0! 
the operational V-2 is 3.25 to l. 

Consequently, the weight ratio can be 
used directly in computing the performance 


26 SAE JOURNAL 





D 








of a given rocket. 
om it is desirable to be able to deter- 
wine the effect of changes in payload on 
Such changes will, of 
-ourse, alter the ratio of initial weight 


However, in design 


performance. 


to final weight. Consequently, a single 
noted value of this ratio is of little 
sid in design studies. It is for this 
reason we use the more fundamental weight 
ratios of structural weight to instant- 
neous weight and payload to the initial 
sross weight. 
‘Preliminary experience has shown that 
as propellants are exchanged for pay- 
load, the change in tank weight just 
aout offsets the change in weight of 
supporting structure for the payload. 
Therefore, the structural to instantaneous 
weight will stay nearly constant when 
payload-propellant changes are made. 
It is interesting to note that the 
vehicle can attain velocities greater 
than the velocity with which the exhaust 
is being expelled. Under these circum- 
stances, the exhaust will be traveling 
forward. The ratio of the instantaneous 
veight of the vehicle to its payload 
sives an indication of the size of the 
vehicle for a given payload. 


The velocity ratio improves with de- 
creasing ratio of total structural weight 
to instantaneous weight and increasing 
intial accelerational load factor. That 


fis, it improves as less weight is used in 


structure and as less time is spent 
combatting the pull of gravity. However, 
it is impossible to take advantage of 
both these improvements simultaneously 
because increasing the latter adversely 
increases the former. 


PROPELLANT DETERMINES DESIGN 


The velocity of the rocket exhaust 
cannot be arbitrarily selected by the 
signer. It is more strictly a character- 
‘istic of the propellants used, being 
‘etermined to a large extent by the 

olecular weight, the temperature, and 

the specific heats of the combustion 
Products. Other factors affect the 
‘xhaust velocity so, little that it is 
Possible to state the exhaust velocity of 
@given rocket with reasonable accuracy 


solely from aknowledge of the propellants 
used, 
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This table shows exhaust velocities of 


some of the best known rocket propellant 
combinations: 


PROPELLANT EXHAUST VELOCITY 
COMB INATION 

Fps Mph 
Nitric acid 7300 4980 
and aniline 
Gasoline and 8070 5500 
liquid oxygen 
Alcohol and 8100 5520 
liquid oxygen 
Hydrogen and 8800 6000 
liquid oxygen 
Hydrazine and 9740 6630 
liquid fluorine 
Liquid hydrogen 12,000 8180 
and liquid oxygen 
Liquid hydrogen 13,150 8970 


and liquid ozone 


It is seen that liquid hydrogen-liquic 
oxygen and liquid hydrogen-liquid ozone 
have quite high exhaust velocities. How- 
ever, the fact that liquid hydrogen has 
a low density, a low boiling point, and 
a low heat of vaporization makes pumping, 
piping and storing extremely difficult. 
The high diffusivity of hydrogen makes 
sealing almost impossible. 

This, combined with the fact that 
hydrogen and oxygen are violently explo- 
Sive in mixtures anywhere from 2 to 
98% makes them a dangerous combination. 
The liquid ozone combination is even 
worse because liquid ozone occasionally 
detonates spontaneously. 

In order to overcome these difficulties, 
hydrogen-oxygen and hydrogen-ozone 
rockets will have to be unusually complex 
in their design with a resulting penalty 
in structural weight. 

To avoid such drawbacks, alcohol and 
liquid oxygen were used in the V-2. Al- 
though these propellants have less exhaust 
velocity than liquid hydrogen-liquid 
oxygen, this is at least partially offset 
by the lower structural weight ratios 
possible. 

Let us return to the problem of launch- 
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ing a vehicle into interplanetary space. 
It will be remembered that a velocity of 
25,000 mph is required to escape from the 
gravitational pull of the earth. This is 
4.5 times the exhaust velocity of an 
alcohol-oxygen rocket and 3,]1 times the 
exhaust velocity of a hydrogen-oxygen 
rocket. Estimating that inthe near future 
we might be able to build an alcohol- 
oxygen rocket with a structural weight to 
initial gross weight ratio of 0.15 for an 
initial accelerational load factor of 2 
and a hydrogen-oxygen rocket with the 


former of 0.20 for the latter’s 2, such 
rockets would fall considerably short of 
producing the desired velocities. In fact 
it would appear almost impossible to 
achieve the desired velocities with any 
combination of these factors that we 
could hope to achieve for many years 
to come. 

This is a discouraging outlook. But the 
encouraging fact is that rockets are able 
to produce velocities which are a large 
fraction of the desired velocity. It is 
logical to ask if there is some way of 
using rockets to obtain the remaining 
fractions of the required velocity. 


MULTISTAGE ADVANTAGES 


Earlier workers in the field saw that 
this was possible through the use of 
multistage rockets. To illustrate this 
concept let us consider a two-stage 
rocket. 

We imagine our previously considered 
rocket being carried along as the “pay- 
load” of a much larger rocket. The larger 
rocket is fired first and when it has 
used up its propellants, it is discarded 
and the smaller rocket accelerates under 
its own power to even greater speeds. 

Calculations show that a rocket with a 
large number of stages is not always 
superior to a rocket with a lesser number 
of stages. If high performance is not 
demanded of a rocket, that is, if we do 
not ask for velocities of the vehicle 
that are comparable to or larger than 
the rocket exhaust velocity, then the 
single-stage rocket, with its lack of 
multiple tanks, motors, and so forth, 
can be built with smaller overall gross 
weight to transport a given payload. 
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However, when the required performance 
becomes sufficiently high that the single. 
stage rocket required to do the job woul, 
necessarily be large compared to the pay. 
load, then it is better to use a two-stap. 
rocket, with each stage sharing equal|, 
in producing the specified final velocity. 

If even greater performances are de. 
sired, then it is preferable to use 
successively greater number of stages. 
there is no upper limit to the velocity 
that can be attained. 

We see from figures for the multistage 
rockets that an envelope curve exists fo; 
each multistage family. This envelope 
represents the maximum performance that 
this family is capable of attaining. 

Would it be feasible to use multistage 
rockets to launch a vehicle into space at 
the escape velocity of 25,000 mph? For 
alcohol-oxygen rockets the exhaust 
velocity is about 5520 mph, and the ratio 
of vehicle velocity to exhaust velocity 
that is required for escape is 4.5. 

If we could build multistage alcohol- 
oxygen rockets where each stage would 
have a structural weight to initial gross 
weight ratio of 0.15 and each stage would 
start with an initial acceleration of 
2g, then a velocity ratio of 4,5 could be 
attained with a 6-stage vehicle weighing 
22,500 lb for each lb of payload. 

For example, if we wished to have a 
100-lb payload, then the entire multi- 
stage vehicle, assembled, ready to be 
fired, would weigh approximately 
2,250,000 lb. This figure is forbiddingly 
large. 

The only comforting fact is that more 
than 80% of this gross weight 1s 11 
propellants which are easier to manufac- 
ture than motors, tanks, controls, ané 
so forth. We see that one of the inherent 
shortcomings of a rocket vehicle is the 
large gross weight required to transport 
a relatively small payload, particularly 
when high performances are desired. 

If we could build a hydrogen-oxygen 
multistage rocket with structural weigh! 
to initial gross weight ratio of 0.20 an¢ 
with an initial accelerational load fac 
tor of 2, then the required velocity 
ratio of 3.1 could be obtained with 4 
5-stage vehicle weighing 2900 lb per 1b 
of payload, or 290,000 lb for a 100-!» 


payload. This is @ much more reasonable 


CONTINUED ON PAGE 37 
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EXCERPTS FROM TALK* BY Henry G. Weaver Director, Customer Research 


THE world has never lacked for inven- 
tions, but an invention (like a natural 
resource) is of little value in raising 
standards of living unless and until some- 
thing is done about it. 

America’s first century of industrial 
progress was largely a matter of taking 
ideas of European origin, dusting them 
off, and putting them to work. 

Qur progress in mass production and 
mss distribution depends, not on a hand- 
ful of geniuses, but on 140,000,000 free 
individuals - each with the everabiding 
ambition to try something new and some- 
thing different. 

One of the big differences between 
\mericans and other people of the world 
is that we have never worried much about 
the hair-splitting boundary lines between 
the so-called necessary inventions and 
the non-essential gadgets. 

The American techniques of mass pro- 


—e 
‘Talk based on his recent book“ Mainspring - 
the story of human progress and how NOT 
Prevent 1t,” presented March 3], 1948, 
the dinner of the SAE Nationa! Trans- 
portation Meeting, Philadelphia. (Talbot 


Books, Detroit 2, Mich.) 
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duction and mass distribution have con- 
tinually and repeatedly shifted the 
benchmarks and pushed aside the artifi- 
cial boundary lines and the luxuries of 
yesterday have become the necessities of 
today. 

The motor car itselt is agood example - 
and no one can deny that in the beginning 
it was little more than an expensive 
tinker toy. 

Mass production of highly complex prod- 
ucts could never have gotten started, 
except under conditions where men are 
free to live their own lives - free to 
plan their own affairs; free to try out 
new things; free to spend their own 
money - spend it any way they please and 
spend it foolishly if you please - on 
the yo yo tops, the bubble gum, and the 
so-called non-essential gadgets - in the 
never ending search to explore all the 
byways that may lead to progress. 

That’s the outstanding difference 
between free people and pevcple whose 
needs, tastes and desires are regimented 
in line with collectivist theories. 

It is quite true that freedom of choice 
results in a lot of waste. That’s one of 
the favorite themes of the socialist and 
communist. kibitzers. But such waste is 
the price of progress. The old must give 
way to the new and you don’t havetohit 


























the jackpot more than once in about a 
thousand times to more than balance the 
score. 

The big contrast between America and 
other countries is, that while they are 
less wasteful of material things they are 
profligate in wasting the tremendous 
potentiality of individual initiative 
which 1s the mainspring of all human 
progress. 


6000-YEAR ERROR 


Down through the ages, for the 6000 
years since the very beginning of recorded 
history, the standard pattern for im- 
proving the lot of mankind has beén to 
suppress personal initiative and make 
the individual increasingly subservient 
to strong centralized authority. And for 
6000 years people have gone hungry and 


still do over most of the world - in 
times of peace as well as in times of 
Wat. 


For 6000 years the normal condition 
has been stagnation, poverty, distress 
and human degradation. Then in one small 
spot on this planet and in the brief 
space of 160 years, there has been a 
demonstration of progress beyond the ut- 
most imaginings of all preceding gener- 
ations. 

Free minds are inventive minds and to 
me it is highly significant that so many 
of our revolutionary leaders were men of 
the inventive type: 

Benjamin Franklin not only laid the 
foundation for the electrical industry 
but he invented the first pair of bi- 
focal spectacles, the rocking chair, and 
a new type of stove which was the fore- 
runner of the modern baseburner. 

Also, and perhaps of even greater im- 
portance, it was the sly, tolerant, 
benign Franklin who invented the American 
sense of humor - based on the idea "Don't 
take yourself (or anyone else) too seri- 
ously"! 


Thomas Paine had an inventive mind. With 
gecemetry as a hobby, Faine designed the 
first single span iron bridge with criss- 
cross girders. 

Then there was Thomas Jefferson whose 
home at Monticello affords abundant evi- 
dence of his mechanical ingenuity. It was 


Jefferson who designed one of the first 
if not the first scientifically cupyg, 
mold boards for a plow and it was Jef ferso, 
who supported the efforts of Eli Whitney. 

Also it was Jefferson who organized th, 
L.S. Patent Department which as Abe 
Lincoln later observed had “ added th, 
fuel of incentive to the fire of genius.” 

Since that time the United States has 
led the world in the number of patent, 
issued: twice as many as Great Britain 
or France; four times as many as Germany. 

But the greatest of all our invention 
is not even recorded in the patent office 
records - in fact it’s not usually though; 
of as an invention. 

No, it’s not mass production. It’s far 
more important than mass production, 
It’s the thing that made mass production 
possible. 

This greatest of all inventions, and 
distinctly American, was the inventior 
of an entirely new form of political 
structure, which represented a complete 
reversal of all the old world prece- 
dents and which was based on a principlé 
that 1s just as fundamental - just as 
positive, just as open and shut, just as 
inexorable - as any basic law of physics. 



















It 1s the principle that each indi- 
vidual 1s in control of his own life 
energy and that human initiative and 
creative abiltty spring from within 
and simply cannot be forced fron 
without. 


Thus, for the first time in histor) 
the Christian principles of self-faith 
self-reliance, self-improvement, and 10- 
dividual responsibility were adopted 4s 
the foundation for a political struc 
ture. If you have any doubts on that 
point, try to rewrite the Declaration 0! 
Independence without reference to the 
Christian axioms. It can’t be done. | 

So that, in the last analysis, 1s te 
reason why America is the Land of Uppor 
tunity and the Land of Progress. 

That’s why we’ve gone further tha 
any other people in spreading the bene- 
fits of inventive genius. | 

That’s why the people of the United 
States, who represent only 6% of the 
world’s population, own: 


SAE JOURNAL 





¢ | ee 
hat 
1 ol 


t ne 


the 
por 


han 


p ne - 


i ted 
the 


URNAL 





world’s automobiles, 


54% of the telephones, 
4g% of the radio sets, and 
46% of the electric power capacity. 


ind the United States with less than 
gy, of the world’s population: has 92% of 
all the modern bath tubs - that is, bath 
tubs with running water. 

Before the war New Yorkers consumed 140 
vallons of water per day, per person. 
Parisians used 47. Londoners only 43. 
(No figures on Moscow.) And before the 
var Americans consumed - 


75% of the world’s silk, 
60% of the world’s rubber, 
50% of the world’s coffee, and 
40% of the world’s salt. 
Offhand the last item sounds a bit 


trivial. I was tempted to omit it but 
some of my economist friends tell me that 
the use of ordinary salt is one of the 
best indices of a nation’s production and 
general standard living. 


Taking that statement at its face 
leads to the startling conclu- 
on that the people of the United 


States are exactly nine times better 
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off than the average people 
rest of the world! 


in the 


It is interesting to note that this 
ratio was recently confirmed by no less 
a person than Gromyko and his fellow 
comrades at the United Nations when they 
contended that the United States, with 6% 
of the world’s population, should pay 50% 
of the expense for running the United 
Nation’s set-up. 

As you may remember, Senator Vandenburg 
called their hand. He thanked them for 
the compliment and suggested that if we, 
by their own admission, were so much 
better off than other nations, then the 
first order of business should be the 
adoption by all the member-nations of the 
system which has put the United States in 
such an enviable position. 

That, of course, was vetoed! 


And Mr. Winsten Churchill was talking 
much to the same point when he recently 
told the British Labor Party that they 
had broken the mainspring of individual 
initiative and that disaster could only 
be avoided by replacing and preserving 
the mainspring. 





DATE HOTEL 

Aug. 18-20 St. Francis, San Francisco 
Sept. 7-9 Schroeder, Milwaukee 
Oct. 6-9 Biltmore, Los Angeles 

Oct. 21-22 Statler, Cleveland 

Nov. 4-5 Mayo, Tulsa 

e i949 

Jan. 10-14 Book-Cadillac, Detroit 
March 8-10 Book-Cadillac, Detroit 


March 28-30 Statler, Cleveland 


April 11-13 New Yorker, New York 
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A full understanding of the importance 
of structural testing by management, 
production, and engineering is vital 
if maximum results are to be obtained 
from every dollar spent - and a full 
understanding involves the realization 
that (]) the desired results cannot be 
obtained by any process other than sub- 
mitting the structure to actual test, 
and (2) predetermination of the exact 
time and cost involved is usually dif- 
ficult, if not impossible. 

Structural testing and failures can no 
longer properly be considered problems 
for the structural department alone. 
Management, manufacturing, and other 
sections of engineering are regularly 
involved, as an analysis of the results 
desired and procedures used clearly in- 
dicates. 


RESULTS DESIRED 


If structural testing is to justify 


STRUCTURAI 


itself, it should attain the following 
objectives: | 

1. It should represent the fina] 
guarantee that proper allowance has been 
made for stress analysis assumptions, 
structural compromises, changes, and 
substitutions. 

2. It should help the manufacturer 
reach the goal of having the plane suc- 
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UNITS — ENGINEERING TEST MAN HOURS 
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1938 @Fig. | - Chart showing how structural testing 


time has increased in last 10 years 
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Chief Structural 
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cessfully complete its qualification 
tests ahead of competition. 

3. It should help create confidence in 
the customer. 

Service failures are probably more 
serious in aircraft than in any other 
field of transportation. They can result 
ina loss of human life, manufacturing 
jlelays, and expensive service repairs. It 
is also difficult to find the basic cause 
of a service failure, especially in a 
serious accident where the evidence is 
Jestroyed or partially obscured. 

Unlamited testing would, of course, 
not eliminate service failures entirely, 
because such a goal would require abso- 
lute perfection in the choice of the 
critical test conditions; but this limi- 
tation only emphasizes the importance of 
the constant application of good engi- 
neering judgment in the choice of test 
conditions. 

In actual practice, the testing program 
is adjusted to suit the conditions pecu- 
liar to each airplane, with the general 
policies of the customer or licensing 
agency determining the amount of testing 
the manufacturer must do. 

The overall policies of the airplane 
manufacturers’ two main customers, the 
\rny and Navy, and the Government licens- 


ing agency, the Civil Aeronautics Ad- 
"Nerval ia can be summarized as 
lollows: 


The Bureau of Aeronautics generally 
fequires that all structural tests be 


ee 

‘Paper “What Price Structural Testing?” 
"aS presented at the SAE Aeronautic and 
‘ir Transport Meeting, New York City, 
‘pril 13, 1948. 
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Assistant Chief Struc- 
tural Test Engineer 


Glenn L. Martin Co. 


conducted by the contractor. Flight test- 
ing may proceed without static tests as 
long as certain flight restrictions speci- 
fied in the contract are not exceeded. 
The manufacturer must, however, perform 
flight demonstration tests to the full 
limit load before the airplane is ac- 
cepted. These latter flight tests cannot 
be perforned until the flight restric- 
tions have been lifted by successful 
completion of appropriate structural 
tests. 

The Air Force generally requires that 
all structural tests be made by the pro- 
curing agency at Wright Field, although 
the contractor may conduct some tests for 
design information or for the release of 
the flight ship. 

The CAA requires proof of compliance 
of the structure with certain strength 
and deformation requirements for all 
critical loading conditions. Proof of 
compliance by means of structural analy- 
sis will be accepted only when the struc- 
ture conforms with types for which ex- 
perience has shown such methods to be 
reliable. In other cases, substantiating 
tests are required. Certain portions of 
the structure, such as control surfaces, 
control system, and landing gear, must 
be tested. Most structural’ tests for com- 
mercial airplanes involve only procf 
tests because of the general use of con- 
ventional structures. 

The way in which these general poli- 
cies fit into the test program for each 
model depends on the answers given to 
the following questions: 

1. Are full-limit-load flight demon- 
strations for some or all conditions 
necessary to establish acceptability of 
the aerodynamic characteristics of the 
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airplane? 


2. Is the airplane anexperimental or a 
production model? 
3. Is the structure conventional or 


unconventional? 

4. When and where would it be least ex- 
pensive fora structural failure to occur? 
(Flight restrictions are assumed to be 
enforced, so failure would not occur in 
flight.) 

Since the interpretation of test poli- 
cies should be carefully established in 
the contract or certification require- 
ments, it is of paramount importance that 
those who set up the policies and priori- 
ties have the necessary data to compare 
these factors in terms of test costs. 

The record of engineering test man- 
hours expended on 12 models for the three 
agencies over the last 10 years (as shown 
in Fig. 1) should prove helpful in ana- 
lyzing costs. The curves clearly bring 
out the trend of increased structural test 
activity as required by the design en- 
gineers and the procuring or licensing 
agencies. It is believed that test re- 
quirements will stabilize in the future. 
Certain inefficiencies will be noted, 
which are attributable to the war and 


e@Fig. 2 - Comparison of test performance before 
and after centralization 
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inexperience with increased and mor, 
complex test requirements. It should als, 
be realized that most of the tests of the 
JRM-1 model were covered by tests of i, 
prototype, the Mars. 

In determining the amount of testing 
to be done, it is important to avoid 
overemphasizing testing. Test enginee;, 
should be among the severest critics of 
new test work, because they should kny 
best whether the test would be conclusive 
and if something sufficiently similar had 
been tested before. They should always 
be on the alert to prove a test can be 
eliminated. Any unnecessary test work 
counts heavily against meeting the test 
schedule and the test budget. 















TEST PROCEDURES 


A brief review of test procedures used 
will help to emphasize how each one af- 
fects the activities of all groups co. 
operating in the development work: 

1. Limit load test: This test dupli- 
cates the maximum expected loads the 
airplane will encounter in service oper- 
ation. It does not demonstrate the safety 
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sctor. In most cases, the specifications 
for these tests prescribe the extent of 

acceptable permanent set after the load 
ay HO applied. The test is performed 
+o determine the rigidity and the opera- 
tional characteristics of many of the 
nechanical components of an airplane 
yhile under load. Aircraft control sys- 
tems, for example, require load test 
jata on jamming, excessive deflection, 
andfriction.Tests 
to determine load 
calibration for 
flight tests also 
fall into this cate- 
gory. 

9. Ultimate load 
test: In this type 
of test the maxi- 
mm orultimate de- 
sign load (which, 
of course, includes 
the safety factor) 
is applied to the 
structure. 

3. Faaling load 
test: This test 
letermines the max- 
imum strength of 
the structure and 
the primary mode 
of failure. This 
evidence may be P i 
translated into ap- 
proval for increased 
gross weights or 
load fac- 
tors and possible 
improvements in 
strength or weight 
of future versions. 

4. Repeated-load 
test: This test 
usually means the 
Tepetition of 
loading within 
the limit load 
Tange. It nicely 
complements the other tests because it 
Provides an indication of the expected 
Service life. 

o. Complete airframe tests: This 
‘lassification usually incluaes all the 
‘structural tests required by the con- 
‘Tact. The program may consist of any 
ombination of the tests already de- 
‘ctibed. The main difference is that the 
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tests are performed in sequence because 
there is usually only one specimen avail- 
able. This circumstance requires co- 
ordination in formulating the program, 
planning the test sequence, timing the 
design of test fixtures so as to be 
ready to begin tests immediately on re- 
ceipt of the test airplane, and maintain- 
ing uninterrupted testing to obtain the 
earliest possible flight release. It 
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@Fig. 3 - XPUM-!I test fixture 


is also necessary to be prepared for 
failure and consequent changes in the 
test program. 

Since the whole program can be stalled 
by the delay of one small item for one of 
the tests, centralized coordination is 
required with complete knowledge of the 
test details, plus the cooperation of all 
associated groups. 
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@Fig. 4 - Average development cycle of typical airplane 





6. Element tests: It is also necessary 
to test items of new design or unusual 
complexities, such as splices, wing cover 
panels, and special fittings. These tests 
must be completed before the design is 
too far along to permit a change. The 
tests require coordination between en- 
gineering, manufacturing, and tool de- 
partments to iron out the difficulties 
often involved in producing - for the 
first time - specimens incorporating un- 
familiar design or new materials. 

7. Research tests: These tests help to 
build the structural engineering back- 
ground that keeps an organization in 
front. They include tests of such items 
as rivets, screws, compression and shear 
panels, for design allowable data. They 
also provide data for the structural 
evaluation and control of new fabrica- 
tion procedures and materials. 


TIME AND COST FACTORS 


It is not possible to set up ahead of 
time a schedule that will give the time 


of completion and the cost of each in- 
dividual test in the program. Measures, 
however, that can be used to reduce then 
to a minimum include: 


1. Provision of sufficient space fo: 
testing. . 

2. Clear-cut definition of responsi- 
bility. a | 

3. Early and realistic planning. 

4. Alternate test proposals drawn up 

5. Development of flexible test sched- 
ule. 


Fig. 2 shows the savings that can be 
realized when good test facilities *f* 
made available in a centralized location. 
The comparison of the test performance 
in 1945, which was a busy year, with the 
performance during 1947 at a centralized 
location shows that test performance Was 
more than tripled with less than double 
the floor space. 

Flexibility is gained by being able 
design fixtures high and clear of the 
specimen, as shown in Fig. 3. Then one 
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fixture can be used for all main test 


conditions, including drop tests. 

The definition of responsibility in 
the test department organization should 
start with the contract or specification 
requirements, continue through test de- 
sign and fabrication, test performance, 
analysis and preparation of reports, and 
end with final approval. 

At the very start, the test engineers 
must take the time to determine the test 
program necessary to develop the design 
and tomeet the structural specifications. 
The known technical problems to be in- 
vestigated must be established (incor- 
poration of new structural features, use 
of new materials, and planned extensive 
weight savings) and the interpretation of 
the test policies, contract, and speci- 
fications of the procuring or licensing 
agency must be interwoven into the test 
picture. 

The test time span and_how it affects 
the overall program must be considered, 
The average engineering man-hours needed 
for testing are compared to the average 
total engineering time data for five 
different models in Fig. 4 to indicate 
the development cycles of an airplane. 

From this figure it is evident (1) that 
structural testing is active for about 
80% of the total time span for the pro- 
ject, and (2) that structural flight re- 
lease must be planned early enough to 
permit the start of structural flight 


demonstration and the other structurally 
critical maneuvers necessary for aero- 
dynamic evaluation. Actually, flight re- 
lease is usually about 1% months before 
the start of flight demonstrations. 

In planning the schedule it is impor- 
tant to make sufficient allowance for 
unsatisfactory performance - since the 
elimination of such trouble is the whole 
purpose of the development and demonstra- 
tion stage of a new plane. 

As soon as the test program has jelled, 
the test engineer should develop several 
schematic overall test proposal drawings, 
based on the following considerations: 

1. Optimum test sequence for early 
flight release and minimum repair in the 
event of failure. 

2. Overall load requirements for de- 
sign of test fixtures and loading appara- 
tus to provide minimum test change-over 
time. 

3. Space and handling facilities to 
speed setup and repair. 

4. Tests that can be performed con- 
currently. 

The test schedule must be sufficiently 
flexible sothat failures occurring during 
the program do not prevent the completion 
of test fixtures and apparatus bythe time 
the test specimens are delivered. 

Complete paper on which this article is 
based is available from SAE Special Pub- 
lications Department. Price: 25¢ to mem- 
bers, 50¢ to nonmembers. 


Flight Beyond the Earth 


CONTINUED FROM PAGE 28 


figure and could not be ruled out on the 
basis of size alone. 

If the multistage hydrogen-oxygen 
rocket could be built with the same 
values of 0.15 and 2.0 as were used in 
the alcohol-oxygen rocket examples, then 
the required velocity ratio of 3.1 could 
be attained with a 4-stage vehicle weigh- 
ing 1000 lb per lb of payload, or 100,000 
lb for a 100-1b payload. This illustrates 
quite forcefully the advantages to be 
gained by increased rocket exhaust 
velocities. 

It should be remembered that the above 
figures must be corrected for air resist- 
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ance. Such a correction affects only the 
first stage rocket in each case because 
the subsequent stages operate at altitudes 
well above the atmosphere. The experience 
with the V-2, which is comparable to that 
required for the first stage, indicates 
that the correction for air resistance 
is only a few per cent of the velocity. 
However, a few per cent change in velocity 
corresponds to much larger changes in 
gross weight, according to our curves. 

Complete paper on which this article 
was based is available from SAE Special 
Publications Department. Price: 25¢ to 
members, 50¢ to nonmembers. 
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CONSTRUCTION machines need dependable, 
rugged engines and transmissions, suited 
to operating demands of each kind of 
equipment. Adequate power is a must for 
all of them, regardless of engine weight, 
becanse stalling can be costly. Machines 
for digging and hauling also require a 
wide high-to-low gear range in a small 
transmission package, with automatic 
shifting a real need. 

Operational characteristics of the two 
classes of excavating machines - those 
primarily for digging and those essen- 


*Paper “Diesel Engines for Excavating 
Machines,” was presented at SAE Milwaukee 
Section, Nov. 


7, 1948. 






Erie Co. 


tially for transportation - place quite 
different demands on their respective 
engines. 

The first class, 


such as_ shovels and 
related equipment, 


involves three and 
sometimes four different motions engaged 
individually or simultaneously, derived 
from a single engine. To control these 
motions properly, the engine must run 
at substantially constant speed under 
governor control. Main power demand for 
tractor equipment and self-propelled 
machines in the second class is for 
traveling, with equipment control second- 
ary. Engine speed is controlled to suit 
operating conditions. 

Fig. 1 shows the general arrangement of 
machinery for an internal combustion 
engine-driven shovel. Engine weight is 1 


Some Earth-Moving 
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{Konstruction Machines 





NAL 


These mechanical beasts of burden es- 
tablish tough transmission and engine 
requirements. This article examines im- 
plications of these needs for the several 

types of equipment in this field. 


criterion since these machines are heavi- 
ly counterweighted to balance the dipper 
and dirt. But confined space available in 
amachine built to meet highway or rail- 
road shipping clearance favors a compact 
powerplant. This together with lower costs 
is forcing engine speeds up as quickly as 
engines can take it. 

Demands on ashovel powerplant, like the 
one in Fig. 1, are unique.’ Its ability to 
tip the machine is a measure of the 
shovel’s power. If the engine stalls be- 
fore the machine tips, power is inadequate. 
Yet excess power will tip the machine too 
easily, so that extra ballast must then 
be added, increasing the loading in every 
part. Thus engine power must be well 
balanced to the machine. 

Diesel engine power can be adjusted 


Work Horses 





Dozer Shovel 


either through injection pump setting or 
engine speed. Average load on the engine 
is about 50% of full load, so fairly high 
pump settings are permissible. Tendency 
with tractor engines is to use standard 
pumps to prevent errors in servicing by 
the engine manufacturer; speed adjustment 
adapts power to the machine. 

These machines performa complete cycle - 
digging, swinging, discharging the load, 
and return - in 10 to 20 sec. At two or 
three points in the cycle engine demand 
will approach no load, and between these 


it approaches full load. In heavy dig- 


ging, demand may exceed full load with 
the engine approaching stalling from 
once every two to three cycles to two 
or three times in one cycle. 

Crawler tractor engines, as in Fig. 2 
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Scraper with Pusher 
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@Fig. | - The engine on this piece of shovel equipment drives through a take-off 
clutch at the back end; gearing to a clutch controls a drum on which cable is 





wound to raise and lower the dipper. Other clutches move the dipper in and out 
and rotate the machine 


usually are designed for the tractors in 
which they’re to be used, so adjusting 
an available engine to a certain machine 
isn’t a problem here. But engine dis- 
placement and characteristics must suit 
tractor ability. 

For example, the engine must slip the 
tracks on average ground with the weight 
of mounted equipment, otherwise the en- 
gine would stall easily and be under- 
powered. Excessive engine power penalizes 
the unit with high cost; the tracks will 
be slipped easily, digging into the 
ground and bogging down the tractor. 


COMPACTNESS DESIRABLE 


Weight isn’t too serious a problem 
since the tractor must be heavy enough 
to develop its tractive ability. How- 
ever, reducing overall dimensions will 
improve operator’s vision and engine 


accessibility, and reduce size and weight 
of mounted implements such as bulldozers. 

These machines have multiple ratic 
transmissions; but engine characteristics 
don’t particularly affect shifting since 
a crawler tractor generally comes t 
nearly a standstill during a shift. There 
are six or eight speeds available for 
total range of 4 or 5 to 1] between lov 
and high gears. Engines can be stalled 
with faster transmission speeds. But sud- 
den stalling, more or less usual with 
shovels, is only occasional with tractors. 

Engines for the second type of con- 
struction machinery, high-speed seli- 
propelled units, operate under truck- 
service kind of conditions, except that 
the vehicle may be almost anchored to 
the ground by its cutting edge during 
digging. These units need enough power to 
slip the wheels on firm ground, with some 
excess for handling scraper controls to 
prevent engine stalling. 
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eFig. 2 - Engines 
for crawler trac- 
tors such as this 
one generally are 
tailored to the 
machine 


Since both engine speed and load vary 
widely to meet service conditions, maxi- 
mum engine speeds and torque settings are 
permissible. A wide range between maximum 
torque speed and full load speed facili- 
tates gear shifting. Low engine weight 
keeps gross vehicle weight down and bet- 
ters flotation on soft ground. Shrinking 
overall dimensions improves visibility 
and angle of approach, ‘leaves more room 
for driver in limited space around the 
large front wheels. 


TRANSMISSION CONSIDERATIONS 


Transmissions pose a major problem in 
design of these construction machines. 
Some earthmovers operate on a 4 or 5-min 
round-trip cycle of digging, hauling, 
dumping, and return - with four or more 
shifts per cycle all day long. That’s 
a lot of gear shifting. The machine digs 
in low gear at close to full engine power 
perhaps 20% of total operating time - 
a lot more low-gear operation than on the 
heaviest trucks. 

his demands a wide range between low 
and high gear - 8 or 10 to 1; but condi- 
tions change too rapidly for effective 
use of numerous speeds with high selec- 
tivity. And room for a large transmission 
1s at a premium. 

Stalling is critical in all excavating 


machine engines. You could get maximum 
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power with a fast-acting governor that 
would open wide at first sign of increas- 
ing demand; but this doesn’t work out 
satisfactorily in practice, because range 
of governor regulation istough to select. 

The only way for the operator to judge 
power demand is by engine sound. He tries 
to run at slightly below full load to 
leave a margin of power for possible in- 
crease indemand which can occur suddenly. 
Establishing too narrow a range of gover- 
nor regulation leaves too slight a differ- 
ence in sound between partial and full 
load to be distinguishable. Result: the 
machine is apt to hunt between consider- 
ably less than full load and an overload 
approaching maximum torque. 

Too wide a range of governor regulation 
produces an excessive loss in available 
effective power. 

The ever-present stalling danger in 
excavating machinery operation justifies 
consideration of hydraulic clutches, eddy 
current clutches, hydraulic torque con- 
verters, and other slipping devices. 


COUPLING PROS AND CONS 


Hydraulic clutches or fluid flywheels, 
sometimes used on shovels, reduce avail- 


able horsepower andincrease fuel consump- 
tion by the amount of slip. But this is 


not particularly serious. Where commercial 


























considerations or standardization with 


other equipment makes desirable an engine. 


somewhat lacking in power for a particu- 
lar machine, hydraulic couplings have 
improved performance. In these cases. 
stalling possibility is greatly increased 
and in hard digging, the operator will 
tend to run the machine at even less de- 
mand to avoid time loss in restarting 
the engine. 


COUPLING NEEDS 


Where there is enough power, hydraulic 
couplings offer little, if any, advantage. 
And there is some test indication that, 
because of its own inertia, the coupling 
may increase rather than decrease impact 
loading. 

Hydraulic couplings were developed to 
operate on increasing speeds, where they 
perform effectively. Their torque rises 
about as the cube of speed so that they 
take hold smoothly with increasing en- 
gine speed. But if designed to stall at 


about 50% of full load, the coupling’s 
torque capacity is about eight times 
stall torque; it might act almost as a 
solid drive for impacts at close to full 
speeds. 


One manufacturer, according to re- 


ports, 1s testing an eddy current clutch 
and finds it better than a hydraulic 
coupling. 


CONVERTER DRAWBACKS 


Torque converters can do a good job 
in certain types of service, in others 
it has definite limitations. For example, 
it has no place on shovels for these 
three reasons: 


1. Output speed is variable, interter- 
ing with control. 


2. Helatively constant engine speed 


precludes use of sound as a measure of 
loading. 


3. Efficiency is low. 





In tractor service torque converters 
offer advantages inview of (]) the amount 
of shifting done and (2) the fact thet 
these machines come almost to a Stand- 
still during a shift. Although the theo. 
retical disadvantages cited for torque 
converter use with shovels (togethe; 
with greater engine wear because of high. 
er ‘average operating speeds) still hol 
in this case, advantages seem to out- 
weigh the disadvantages. Maybe the theo- 
rizing is wrong, particularly since the 
largest tractor built was recently an- 
nounced as featuring a torque converter, 

These tractors have a three-speed 
transmission. Practice is to select the 
gear best suited for a particular job 
and to run continuously in that gear 
without shifting. The torque converter 
makes all required ratio changes. 

Converters also seem logical for self- 
propelled scrapers because of the amount 
of shifting required. But since this ma- 
chine requires an 8 or 10 to ] transmis- 
sion range between high and low gear, 
and maximum range for a converter is 
5 to 1 (reduced to between 3 and 4 to | 
at reasonable efficiency), a three-speed 
gear box in conjunction with the conver- 
ter is needed. 


OPERATOR’S PROBLEM 


Throughout the shifting progression 
through all the transmission gears, the 
engine runs at about constant speed and 
load, except during actual shifting. 
Torque converter efficiency 1s maximun 
at about 2 to ]1 speed ratio, drops of! 
rapidly towards both stalling and | to | 
speed ratio. Thus, shifts must be made 
at the proper time. But the driver can't 
tell the proper time by engine sound be- 
cause there is little change. fle does 
not have time to watch a mechanically- 
operated indicator. 

For this reason most believe that such 
combination transmission must be shiftec 
automatically to be successful. No one 
yet has had the courage to attempt suci 
a design for this much horsepower. 

Complete paper on which this article 
is based is available from SAE Special 
Publications Department. Price: 25¢ %° 
members, 50¢ to nonmembers. 
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PREIGNITION 
Traced to 


Three Sources 


BASED ON PAPER* BY 


A. Hundere and J.A. Bert 


California Research Cerp. 


(This paper will be published in full in 
SAE Quarterly Transactions.) 


BLAME for the destructive preignition 
which has been plaguing aircraft engines 
increasingly appears to belong on spark 
plugs, combustion chamber deposits, and 
exhaust valves. These three sources can 
furnish hot spots capable of causing sur- 
face ignition of the mixture before 
passage of the spark. 

The spark plug offends when a piece of 
the insulator cracks off and is caught 
in the ground electrodes. The fragment, 
being thermally insulated from the spark 
plug body, grows hotter and hotter. 

Deposits of lead sulfate and oxides of 
metals and silicon have melting points 
above the temperatures required for pre- 
ignition. They can absorb enough heat in 
the solid state to touch off the mixture. 
It has been suggested also that since 
carbon deposits aided catalytically by 
lead compounds burn at temperatures as 
low as 680 F, carbon deposits can start 
preignition while they are burning away. 

Since the exhaust valve metal may oper- 
ate at 1400 F, it doesn’t take much rise 
in temperature to put the valve in the 
Preignition league, especially as a per- 
petuator of preignition already initiated. 

When any one of these sources ignites 
the charge prematurely, high temperature 
gases are confined to the cylinder for a 
‘onger period of time than under normal 
ignition conditions. As temperatures climb, 


can be induced by ignition advance, it 
may accompany preignition. 

Parts exposed to the high temperatures 
and pressures of preignition are the first 
to fail. Preignition can burn a hole 
through a piston in a matter of seconds, 
putting an aircraft engine out of opera- 
tion. (Actually, preignition is possible 
in any engine compressing fuel-air mix- 
tures, but it is more of a problem in 
aircraft engines, which are too highly 
stressed to withstand the increased temper- 
atures and pressures that accompany pre- 
ignition.) 


CRACKED PLUGS ONE SOURCE 


fhe aluminum oxide insulators intro- 
duced in 1940 give today’s spark plugs 
much higher preignition ratings than 
the older mica insulators - which de- 
hydrated at operating temperatures above 
1000 F, losing so much of their thermal] 
conductivity that plugs reached preigni- 
tion temperatures. 

But the aluminum oxide insulators are 
subject to cracking, probably due to 
thermal shock. If the pieces fall clear 





*Paper, “Preignition and Its Deleterious 
Effects in Aircraft Engines,” was pre- 


ignition tends to occur earlier and sented at SAE Annual Meeting, Detroit, 
earlier in the cycle. Where detonation Jan. 16, 1948. 
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tion of temperature 


of the electrodes, the preignition rating 
of the spark plug is only slightly in- 
fluenced. If the pieces lodge in the 
electrodes,. they continue to absorb heat 
without passing it along until tempera- 
tures are high enough to cause surface 
ignition. 

The best way to avoid preignition due 
to cracked insulators is- to use plugs 
with large clearance between the ground 
electrodes. Then ceramic fragments are 
less likely to be retained. 

Preignition due to fragments in the 
electrodes is a serious service problem. 
One airline encountering piston burning 
was advised to examine the spark plugs 
from failed cylinders. In every case, 
they found a spark plug with one or more 
fragments retained by the electrodes. 
A laboratory test of a sample plug showed 
that it did give preignition. No preigni- 
tion occurred when the fragments were 
removed. 

Exhaust valve failures puzzled another 
operator. Here again, inspection of the 
spark plugs disclosed ceramic fragments 
in the electrodes. 

In both cases, failures disappeared 
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when plugs with large ground electro, 
clearance were substituted for plugs 
with fine clearances. ’ 
Any combustion chamber deposits which 
can achieve temperatures of around 200 5 
are possible sources of preignition. |e; 
sulfate, formed from the lead and Sel fe, 
in the fuel, attains 2135 F before 4. 
composing. Silicon dioxide, formed frop 
dust inducted with air, melts at 309) F 
And although aluminum melts at aboy: 
1200 F, aluminum oxide melts at 3729 F. 
An idea of how deposits can build up 
to preignition conditions can be gained 
from Fig. 1. The curve has been shaped 
arbitrarily to illustrate formation of 
deposits on a combustion chamber surface 
of 550 F. At this temperature, most of 
the deposits will be carbon. As deposit 
thickness increases, surface temperature 
of the deposit can increase. When the de- 
posit builds up enough so that surface 
temperature reaches about 900 F, no more 
carbon will deposit. If temperature in- 
creases, lead oxide is next to be ex- 
cluded at about 1630 F. Lead sulfate 
decomposes at 2135 F, leaving mostly) 
oxides of metals and silicon as deposits. 
As low-temperature-melting deposits are 
excluded, high-melting-+temperature de- 
posits are concentrated at the surface. 
And they are thermally insulated from the 
combustion chamber metal by underlying 
deposits. Under these conditions, high- 
melting deposits attain temperatures that 
cause preignition, even though the high- 
melting deposits constitute only a small 
percentage of the total deposits. 


LEAD MAY BE CATALYST 


The carbon deposits, too, may cause pre- 
ignition. According toarecently advanced 
theory, lead compounds deposited with 
carbon catalytically lower the ignition 
temperature of the carbon and enable 1 
to continue to burn after the source 0! 
heat is removed. To back up the theory, 
data has been presented to show that lead 
compounds lower the ignition temperature 
of carbon from over 1200 F to 680 F - 
not a very high temperature for a combus- 
tion chamber. The data showed also that 
phosphorous compounds counteract the 
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catalytic effect of lead. 

The undesirable tendency of lead to 
form deposits leading to preignition and 
the possible catalytic effects of lead 
compounds offset the desirable tendency 
of tetraethyl lead to inhibit preignition 
by metallic hot spots. ' 

Combustion chamber deposits can initi- 
ate preignition even under mild cruise 
conditions. Fig. 2 shows an R-2600 piston 
that failed at 300 F cylinder temperature 
and 130 psi bmep. Many similar failures 
have occurred in engines operating on 
highly leaded fuels, especially under 
long sustained periods of constant cruise 
conditions with very low cylinder head 
temperatures. These are the conditions 
which foster growth of carbon deposits. 

Often the failure occurs after cylinder 
head temperatures have risen abnormally 
and dropped back several times. The ex- 
planation for fluctuations may be that 
combustion chamber deposits begin pre- 
ignition, then burn off or drop away be- 
fore other sources of preignition heat 
reach the temperature to continue pre- 
ignition. 

Exhaust valves are most likely to cause 
preignition when they are scaly. NACA 
preignition data obtained with a V-1710 
cylinder show preignition obtained from 
the exhaust valve at a valve temperature 
of 1350 F when the surface was scaly. 


@Fig. 2 - R-2600 piston 
burned by deposit-initi- 
ated preignition 
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When clean and smooth, the same valve 
gave no preignition even at 1850 F. 


VALVES PERPETUATE PREIGNITION 


When preignition is initiated by com- 
bustion chamber deposits, exhaust temper- 
atures increase as ignition advances, and 
the exhaust valve runs hotter. If the ex- 
haust valve reaches the preignition tem- 
perature before preignition from deposits 
stops, the valve can carry the preigni- 
tion to engine destruction. This explains 
the absence of deposits in combustion 
chambers of cylinders known to have failed 
by deposit-initiated preignition. It also 
explains the extremely overheated appear- 
ance of the exhaust valves from preigni- 
tion-failed cylinders. 

No evidence has been found to support 
the theory that incandescent residual 
gases from the previous cycle cause pre- 
ignition. Spark plugs, combustion chamber 
deposits, and exhaust valves are probably 
the only surfaces that attain temperatures 
sufficient for preignition in conventional 
aircraft engines. 

Complete paper on which this article is 
based is available from SAE Special Publi- 
cations Department. Price: 25¢ to members, 
50¢ to nonmembers. 





194g 45 
















































earners ee a 


TWO types of cabin cooling systems - 
both employing air as the cooling medium, 
and suitable for use in conjunction with 
turbojet engines - have been developed 


is generated at flight speeds 
over 600 mph. (See Fig. 1.) 


of a heat exchanger, an expansion tur- 
bine, and a cooling air fan. Air is bled 
from the jet engine, cooled by passing 
it through the heat exchanger (which is 
itself cooled by ram air - air taken 
from the outside air stream), and is 
then further cooled by expansion through 
the expansion turbine. The power gener- 
ated by this turbine is used to operate 
the air fan, which draws the air through 
the heat exchanger. Finally, the air is 
discharged from the turbine into the 
cabin at the proper air pressure. 

The bootstrap system utilizes two heat 
exchangers, combined with a centrifugal 
compressor and an expansion turbine. Air 
is bled from the engine, passed through 
the first heat exchanger, and compressed 
an appreciable amount in the centrifugal 
compressor. It is then cooled in the 
second heat exchanger, further cooled by 
expansion in the expansion turbine, and 
finally ducted to the cabin. The centri- 
fugal compressor is driven by the power 
generated by the expansion turbine. Here 
again the heat exchangers are cooled by 
ram air. 


GENERAL CONSIDERATIONS 


The choice of system for a particular 
airplane is based primarily on its cool- 
ing and pressurizing performance, although 
size,weight (including weight of ducting), 
drag, tnstallation complications, and 
similar items must be considered. 


The size of cooling equipment required 


VERY-HIGH-SPEED FLIGHT 
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JET ENGINE COMPRESSOR 













MIXING VALVE 


@ Fig. | - Installation of cabin cooling equip- 
ment in typical jet airplane 


for a given airplane depends on: 

1. Airplane speed. 

2. Airplane and cabin size. 

3. Compressor bleed pressure and ten- 
perature available. 

4. Cabin pressurization requirements. 

5. Maximum duration of flight during 
critical operation or any specific cool- 
ing condition. Tolerance limits at dif- 
ferent cabin temperatures and pressures 
vary with the duration of flight. 

Cooling is needed for very-high-speed 
operations because at these speeds the 
air stream has a very high kinetic energ) 
content, which is converted to heat in 
the low-velocity boundary layer of air 
next to the airplane surface. Only asmal! 
per cent of this heat rise is dissipated 
to the air stream or lost by radiation 
or convection. The rest is absorbed by 
the airplane and its occupants. Fig. 2 
shows how this ram temperature increases 
with speed. Actually, the temperature 
rise in the portion of the fuselage where 
the cabin is generally located is about 
85% of the full temperature rise. The 85° 
curve is also shown in Fig. 2. 


At high altitudes, cabin pressurizatio" 
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Requires Cabin 


Cooling 


is necessary to maintain pilot efficiency 
within minimum safety considerations. 
With the development of aircraft capable 
of flights above 50,000 ft, cabin pres- 
surization will become more important. 
A standard has been set up fixing the 
maximum differential between cabin pres- 
sure and outside air pressure as follows: 
Below 10,000 ft, no pressurization is 
used. Between 10,000 ft and 18,000 ft, 
the pressure 1S maintained at the 10,000- 
ft point. Above 18,000 ft, cabin pressure 
is maintained at least 2.75 psi above 
outside air pressure. These pressuriza- 
tlon requirements dictate the minimum 
allowable cabin airflow, andthus may we) ] 
be the critical design condition. 
‘Paper “Jet Aircraft Cabin Temperature 
Control” was presented at SAE Metropoli- 
tan Section Meeting, New York City, 
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0.A. Sanne 


Project Engineer 


Stratos Corp. Subsidiary of 
Fairchild Engine & Airplane Corp. 


Pressurization introduces another prob- 
lem - cabin leakage - which, at the pres- 
surization standards just given, is 3-4 
lb per min for jet fighters. Cabin leak- 
age rate is also an important factor in 
determining the size of the cooling unit. 
Leakage rate is most critical at the 
altitude at which the ratio of compressor 
bleed pressure to cabin leakage rate is 
smallest. Once the cabin leakage at this 
critical point has been determined, the 
minimum rated airflow required at sea- 
level, rated conditions can be found in 
terms of pressure and temperature avail- 
able from engine at this condition. 


HEATING APPLICATION 


The air bled from the jet engine com- 
pressor is the source of cabin ventila- 
tion air, but it can also be used for 
heating purposes, if necessary, thereby 
eliminating the need for a cabin heater. 
This operation is controlled by a mixing 
valve, which automatically bypasses 
around the air-cycle cooling unit suffi- 
cient bleed air to keep the cabin temper- 
ature at the desired point. (See Fig. 1.) 

In actual operation, the air-cycle unit 
operates at nearly full capacity even at 
very high altitudes; that is, onlyasmall 
amount of the total air-bleed flow is by- 
passed around the cooling unit. At 40,000 
ft, where the outside air temperature is 
-44 F, the cabin still demands 62% of the 
total flow togo through the cooling unit. 
The reason is that even when there is no 
cooling load, it is necessary to cool the 
hot bleed air from the jet engine to a 
reasonable mixture temperature, as dic- 
tated by the cabin heating requirements. 

Complete paper on which this article is 
based is available from SAE Special Pub- 
lications Department. Price: 25¢ to mem- 
bers, 50¢ to nonmembers. 



































These definite safe limits of ver- 

tical vibration for human comfort 

are recommended: 

A. Low Frequency Range, f = 1 to 6 chs 
Constant Maximum* jerk” Limit, af~ = 2 


B. Middle Frequency Range, f =6 to 20 chs 
Constant Maximum Acceleration Limit: 


af? = 1/3 


C. High Frequency Range, f =20 to 60 cps 
Constant Maximum Velocity Limit: 


af = 1/60 
where f = frequency in cycles per 
second, and 
a = displacement (amplitude) 


in inches. 








ON the basis of a study of all available 
experimental data on human tolerance to 
vertical simple harmonic vibrations, safe 
working limits for comfort are: 


A. Maximum “jerk” value of 40 ft/sec? 
in the low frequency range of from 1 to 6 
cycles per sec. (“jerk” is note of change 
of acceleration) 

B. Maximum acceleration not more than 
3.3% g in the 6 to 20 cps range, and 

C. A maximum velocity limit of 0.105 in. 
sec in the high frequency range of from 
20 to 60 cps. 

The first of these represents a con- 
stant allowable maximum “ jerk’’ limit, 
the second a constant maximum accelera- 
tion limit, and the last a constant maxi- 
mum velocity limit. 

Best current automobile design practice 
already conforms to the low frequency, or 
“jerk”, value. This is lower than practi- 
cally all the research observations re- 
ported as an “‘uncomfortable” sensation, 
but is slightly higher than the comfort 
limit in elevator practice. 

Incentive to undertake this analysis of 
published work on effects of vibration on 
humans was provided by the SAE Riding 


*Paper “Vehicle Vibration Limits to Fit 
the Passenger” was presented at SAE 
National Passenger Car & Production Meet- 
ing, Detroit, March 5, 1948. 











Passenger 


Comfort Research Committee, and much of 
the data upon which it is based were 
originally made available through the 
work of that committee. 

The derived limits of vibration based 
on research data represent an attempt to 
set a level at which no positive discon- 
fort will be experienced by the most sen- 
sitive passenger. 

Obviously, any study of vertical vibra- 
tions alone is insufficient, and inter- 
pretation of the resultant effects of 
complex vibrations, and the more compli- 
cated combinations of noise and vibra- 
tions, should be further investigated. 

A simple correlation of the quantita- 
tive values obtained by the different 
Investigators was thought to be inade- 
quate. We have attempted also to estab- 
lish the particular characteristics of 
the vibration which govern the human 
reaction. 

In any vibratory motion, the displace- 
ment alternates between the extreme podsi- 
tions which determine the amplitude, and 
at which the body must instantaneously 
come to rest. Between the extreme points 
of displacement the velocity must reach 4 
maximum and the vibrating body must be 
accelerated up to the maximum velocity 
and then decelerated to restore the body 
to rest. 

Thus the acceleration changes through- 
out the cycle. Carrying this differential 
process one step further, we find that 
the acceleration is also changing at 4 
varying rate - which we call “jerk” for 
want of an accepted succinct term. 

The comfort reaction is determined 
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basically by the maximum acceleration 
value of vibration in various frequency 
ranges. 

The constant “jerk” frequency range of 
1 to 6 cps has a direct bearing princi- 
pally on the large body oscillations. 
 Compromises usually found necessary in 
calibrating the damping control of the 
suspension will ordinarily permit a maxi- 
nun total body amplitude of 4 in., or a 
2-in. displacement inits primary oscilla- 
tion frequency on the suspension. 

To keep this amplitude within the realm 
of comfort, the recommended limits indi- 
cate that the frequency should be held to 
| cps or 60 per min. This is in line with 
current good practice in vehicle suspen- 
sion, 

The lower end of the intermediate fre- 
quency range of 6 to 20 cps takes in the 
secondary vibrations originating in the 
ulsprung or partially sprung parts of 
the vehicle’s suspension system. 

Resonant wheel bounce frequencies in 
automobiles usuakly occur at from 8 to 10 
cps. To confine the transmitted intensi- 
ties of these vibrations to the required 
low level, they must be suppressed at the 
source by dampening. 

Vertical vibrations in the high fre- 
quency range of from 20 to 60 cps are 
likely to be disturbing if present at all 
because the comfort tolerance is low, and 
because vibrations in this range tend to 
be sustained. 

High frequency vibrations are excited 
oy (1) impacts originating at the wheels 
and transmitted through the suspension, 
and (2) alternating forces set up by un- 
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balanced rotating masses in the automo- 
bile’s engine. 

The most effective protection against 
high frequency vibrations lies in elimr- 
nating the excitation at the source by 
proper cushioning of impact in the engine 
mounting and accurate balancing of high 
speed rotating parts. 

One ofthe earlier investigators pointed 
out that the lower frequency vibrations, 
below 8 cps, seem to be centered in the 
abdominal organs; at higher frequencies 
vibratfons appear to be transferred to 
the head. 

This and further study of the fatigue 
induced by prolonged exposure .to vibra- 
tion is needed, and the interest of the 
anatomist and neurophysiologist is re- 
quired if this is to be done adequately. 

Any practical application of any cri- 
terion of human tolerance for vibration 
requires specialized instrumentation. The 
derived characteristics of human reaction 
have shown that the vibration spectrum 
can be divided into three ranges or bands 
of frequencies, in each of which a dif- 
ferent measurable characteristic of vi- 
bration determines the sensation level. 

A simple, direct reading instrument to 

measure comfort could be as easy to use 
as a noisemeter. 
(Complete paper on which this article is 
based is available from SAE Special Pub- 
lications Department. Price: 25¢ to mem- 
bers, 50¢ to nonmembers. Complete dis- 
cussion presented following Janeway’s 
paper is available from SAE Special 
Publications Department. Price: 25¢ to 
members, 50¢ to nonmembers. ) 

















































EUROPEAN 


certainly involved in multi wheel an 
load spreading layouts. 

General performance of a four whee] 
nonretractable bogie, Fig. 1, was tested 
in 1944 by the Electro-Hydraulic Co 
then Messier Aircraft Equipment Ltd., and 
flight tests proved it satisfactory. Hov- 
ever, the pivot axis was too high for 
complete safety. 

On one of its landings the Lancaster 

eFig. | - The Lancaster's four wheeled landed on the front wheels, tip toe 

bogie, experimental unit for tests fashion, because the resultant force op 

the front wheels passed under the pivot, 

OUTSTANDING developments in landing forcing these wheels down, braking the 

gear wheel disposition, the partia] articulation stops and jamming the rear 

elimination of the landing gear itself, wheels against the landing gear frame. 

ultra-high pressure hydraulics, and fly- The aircraft fell back on all four wheels 
ing control servos will undoubtedly be when the speed dropped. 

seen during the next few years. To prevent the difficulty described 

The advent of large, high-speed air- the articulation axis should be as low 
craft poses two serious problems as yet as possible, and close to the wheel axle 


unsolved. They are: plane, or at least the correct side 0! 
eRunway considerations and the use of a 0.8 W drag resultant from the ground 
multiple wheel undercarriages, and at touch down. 
eStowage of multiple wheels, or wheels We consider several four wheel bogie 
in thin swept back wings, or in the layouts, Fig. 2, interesting. They are 
fuselage. variations of the experimental] unit 10! 


It is too early to establish well de- the Lancaster. Directional stability ol 
fined and scientifically based criteria this type of bogie is considerable, an 
for runway loading, and although the turning requires appreciable force to % 
relationship between runway construc- exerted by the nosewheel. Following Worle 
tion and wheel loading has not been de- War I the Bristol Braemar with tancen 
termined, landing gear designers are ™ain wheels without brakes proved to 
virtually unturnable because it had ™ 
steering nose wheel. 

We know too little of the exact rela 
tionship between turning radius and torque 
set up in the landing gear, and ou! 
knowledge of the cornering power at 4P- 
propriate yaw or slip angles with modern 





*Paper “European Landing Gear Develop- 
ments” was presented at SAE National 
Aeronautic & Air Transport Meeting, 
New York City, April 15, 1948. 
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high pressure tires is limited. 


BASED ON PAPER * By H. G. Conway 


Technical Director, British Messier, Ltd. 


or no landing gear at all 


The eight wheeled gear, Fig. 3, appears The Me. 163 was heavy, its shock ab- 
to be a competitor of the track landing sorption poor enough to have injured 
gear for use on soft ground with contact several pilots. Take off required a pair 
pressures as low as 20 psi. Obviously of wheels that were jettisoned when the 


heavy, 1t is prob- 
ably lighter than a 
track, and more simple. 


Stowage problems are 
considerable. Multi wheel 
bogies can be retracted 
into a wing reasonably 
well, but an extra hy- 
draulic cylinder or 
mechanical linkage will 
be required to rotate 
the bogie with respect 
to the shock absorber 
during retraction. 

Because of the rela- 
tively thick all wing 
construction of the delta 
type aircraft, stowage 
of the landing gear might 
be easier than on an or- 
dinary swept back design. 

Many ofus believe that 
the day will come when 
many aircraft will have 
no landing gear. The Ger- 
man Me. 163 and the Ardo 
234had skids, andmay be a 
foretaste of the future. 
some feel that in the 
hear future we will see 
Naval, marl, and other 
types either with skids 
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efig. 2 - Four types of four 
wheeled bogies. A, up-to-date 
| variation of the Lancaster 
- - unit. B, articulated, with 
single shock absorber, used on Consolidated B-36. C, simi- 
lar scheme, but with hydraulic instead of mechanical 
interconnection of absorbers, and D, a further variation 
to be used with Dowty liquid spring shock absorber. This 
is to be used on subsequent. Note that brake transfer can 
be eliminated by parallel linkages 
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®Fig. 3 - Considerably more simple than a 
track for low pressure duty is this eight 
wheel bogie, although it would be heavy 


airplane was airborne, and a tractor with 
a lifting fixture in tow was used after 
the ship landed. 

Certainly the possibility of recuper- 
ating some or all of the 5 to 7% gross 
weight represented by landing gear is a 
most attractive idea. 

A skid landing gear was designed by the 
author for the Ministry of Supply. This 
used an arresting system proposed by a 
Government engineer. 

Takeoffis by catapult, auxiliary trol- 
ley, or some other convenient method. 
Landings were made on a small prepared 
patch of tarmac, a bituminous road build- 
ing material. This surface was lubricated 
to reduce the coefficient of friction to 
about 0.15 max, which reduced the side 
and drag loads. 

The energy to be absorbed corresponds 
to a vertical velocity of 12 ft sec, the 
acceleration factor developed being 3 
(limit) or 4 (ultimate), which is normal 
British practice. A naval arresting gear 
was used for retardation, andaskid “tire” 
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was used to enable the skid to pass oye, 
the arrester wire to prevent damage. 

Fig. 4 shows the layout of the skids 
as they might appear on a jet Propelled 
fighter. Weight saving is appreciable. 

Although our tire construction prac. 
tices are similar to yours, we have lagged 
in high pressures in Europe. New RAF an; 
civilian planes do not exceed 100 Psi 
120 psi is being discussed, but your 15) 
to 200 psi range isnot even contemplated. 

Major 0. J. Marstrand’s twin contact 
tire, Fig. 5, is inflated at about 6) 
psi. Due to the separation of contact 
bands it prevents shimmy. It is at least 
30% heavier than the normal tire, eve, 
when the contact bands are ribbed or 
studded. 

Dunlop’s Compacta is a tire in which 
the crown is flattened by circumferentia! 
cords of rayon or nylon. It has a large 
width diameter ratio and eight 48 in. 
tires of this type were used on the later 
versions of the Brabazon, inflated to 
100 psi. 

Disc brakes are the trend in England 
and France, as in the United States. 
Germany brought out this type in1]944, and 
any European aircraft with drums simply 
indicates some commercial or production 
consideration. 


| The Goodyear single disc brake aroused 
interest in Europe. A new Dunlop plate 
brake on the Airspeed Ambassador breaks 
away from the company’s long use of ex- 
pander tubes. The Messier Multispot brake 
has discs more protected than several 
other designs. Thepads are disposed radi- 
ally round the discs with gaps between 
them for ventilation. 

Most modern British aircraft are de- 
signed for a retardation of about 10 ft 
per sec or 0.3] g. This corresponds to 
a drag load ratio on the main wheels of 
about 0.4. This seems about all the pilot 
can handle without risking locked reat 
wheels. Nosewheel braking was found 
wanting. 


All RAF and most British civil air- 


craft have hand operated brake pressure 
control and rudder bar differential ac- 
tion. France is replacing this method 
with the American foot operation, but 
we have decided to continue with finger 
operation. 

Although European and American shock 
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struts are similar except in detail, 
there are bigger differences in these 
among our equipment manufacturers than @Fig. 4- Schematic of jet 
between yours. The Dowty liquid spring fighter fitted with skids 
seems to have proven to be reliable, but 
not necessarily more so than, an ordinary 
air-o1l unit. 


If oil can be sealed at 60,000 psi 


satisfactorily, surely we can do better \ / 
at 4000. 


France has developed retracting landing A 
IN) 







gear with hydraulically operated tele- 
scopic tubes for legs. Such shock ab- 
sorbers appear to have been used occa- 
sionally in America. 

Where articulated landing gears are 
used the mechanical shortening of fold- 
ing, a suitable linkage or shock strut 
mounting can be used to double the fork 
up during retraction. This is done on 
several British aircraft. 

In France this is done hydraulically. 
One system closes the shock absorber by 





an external cable, the retraction pres- eFig. 5 - Marstrand tire showing separa- 
sure having opened a hydraulic lock. tion of contact bands to prevent shimmy, 
This allows the fluid to bypass into a but is heavy 


lateral accumulator, itself inflated at 
a low pressure sufficient to extend the 
leg. The two volumes of oil form a closed 
circuit, but the weight of the aircraft 
is taken on a hydraulic lock. 

In another system the shock absorber 
is pumped shut by pressure, and the fluid 
from the shock absorber is expelled into 
an accumulator. 

An external cable closes the unit in 
still another system, and the storage 
capacity being located conveniently be- 
tween the sliding tube of the gear and 
the absorber. 

Weakness in each of these systems is 
that leak-proofness of a valve is relied 
upon for a safe landing. A special type 
of dual seal valve has been developed, 
but no one in Europe recommends their use 
where avoidable. 

We have experienced some difficulty in 
Providing adequate energy absorption 
capacity while braking when ordinary 
shock struts are applied tothe nosewheel. 
When brakes are applied, due to the rela- 
tively high moment of inertia (K2/a b = 
1.5:to 3) the velocity of pitch is much 
less. Therefore, the efficiency of energy 
dissipation is very low. 

Conditions to be dealt with are shown 
diagrammatically in Fig. 6. The steady 
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reaction on the nosewheel increases when 
brakes are applied. However, there is an 
increase in momentum until this reaction 
is reached, and thereafter the momentum 
must be lost or energy dissipated. 

The two hatched surfaces on the curve 
must be equal. 

Since the elasticity curve in the case 
of the liquid spring is nearly linear, 
the energy dissipation will be better and 
the maximum reaction appreciably less for 
a given set of circumstances. This is in 
favor of a liquid spring for nosewheels. 

British companies are working on oleo- 
pneumatic shock absorbers which will avoid 
this difficulty and will show an improve- 
ment over liquid springs. One uses a duplex 
unit with two air volumes inflated to 
different pressures, Fig. 6. This princi- 
ple is used by Electro-Hydraulics Co. for 
the handley Page Hermes 14 transport. 

In France, where grass landing fields 
are still common, interest has been shown 
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@Fig. 6 - With ordinary shock absorbers, 
hydraulic damping effect is virtually 
nil and action is entirely on air curve, 
which at low speed is probably between 
isothermal and adiabatic (p.v. 1.2 = 
constant). Final reaction will be 

relatively high 








in variable orifices which are enlarge, 
for taxiing. In England we have no; 
thought this necessary, and there is som 
doubt about the reliability of thei; 
operation. 

France has always led in hydrauli, 
pressures. In 1937 Olear installed equip- 
ment to operate at over 5000 psi. At least 
two British companies are ready to pro- 
duce 4000 psi equipment. 

You have Christiansen’s O-Sea] j, 
America. France has used single rectap. 
gular seals since about 1935. In 1936 the 
Messier double ring seal, with a hard 
outer ring for wear and a softer inner 
ring for elasticity, was evolved. Dowt, 
and Lockheed have used simple rectangular 
rings in England since 1938. Dowty’s 
liquid spring seal functions adequately 
at 60,000 psi, and with no difficulties 
with seals at 4000 psi. 

Dowty is faithful to its Live Line 
variable delivery pump at 2500 psi work- 
ing pressure. Two constant delivery pumps 
for the 4000 psi system are available. 
Messier has a new swash plate unit with 
a valve arrangement giving uni-floyw 
action. 

Most unusual unloading valve in concep- 
tion as compared with American designs 
is a Lockheed’s device, Fig. 7. Pump-to- 
flow is through a non-return valve formed 
by the piston seat. Pressure under the 
valve overcomes the three spring loadiug, 
opening the valve. The fluid opens the 
secondary plate loaded by only one spring. 
Thus the pressure drop from the pump to 
reservoir occurs in two stages. The dif- 
ference in diameter of the valve and 
piston creates the desired pressure dif- 
ferential. 

When braking loads onFrench and British 
planes became too much for the pilot, the 
trend followed the American pattern and 
adopted pneumatics. De Havilland, Dove, 
Percival Merganser, Miles Marathon, Short 
Sealand, and Boulton Paul Balliol have 
dispensed with hydraulics and use the 
brake pneumatic system to operate the 
complete system, including landing get: 


eA compressor can handle a greatly in- 
creased output volume because the weight 
of air entering is proportional to the 
boost pressure. 


ePressures of at least 1000 psi can be 
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NON RETURN VALVE 
TO ACCUMLLATOR. 





eFig. 7 - Cut-out 
valve by Lockheed 
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obtained with a two stage compressor. performance of the Heywood high pressure 
' — he COMPressor, as an example, is shown in 
Compressor weighs no more than does the Fig. 8 A, where the ground level output 


aspirated type. is increased 5.67 times, with no increase 


elbelavery pressures and output are main- in compressor weight and only a small 


tained at the highest altitudes now con- penalty due to coolers. | 
templated. Output at high altitudes is so greatly 


improved that comparisons are difficult. 
eValve design is less critical than for Fig. 8 B indicates gains from a particu- 


a normal aspirated compressor. lar turbine engine. 
eSmall bottles can be used because they . “Omplete paper on which this article is 
are recharged rapadly. based is available from SAE Special Pub- 


wi ; lications Department. Price 25¢ to mem- 
How supercharging strikingly improves bers, 50¢ to nonmembers. 
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*Fig. 8 - How supercharging to 50 psi improves performance of high pressure compressor is shown 
at the chart on right. Chart on left shows greatly improved output at high altitudes 
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TABLE 1 - DIESEL FUELS TESTED 


Fuel No. l Fuel No. 2 Fuel No. 3 Fuel No. 4 Fuel No. 5 
(Blend of (Blend of (Blend of Cetane 
Primarily (50/50 Normal Heptane and Alpha Methy! 

Catalytical (Straight Run Blend of and Iso-Octane Naphthalene to 


Cracked Stock) Mid-Continent) No.1 & No.2) to give 40 Cetane) give 40 Cetane 


Gravity, A.P.I. 33.8 39.5 36.7 72.9 21.2 
Flash PM 150 225 
Flash cc°F 210 185 
Viscosity SUV at 100F 4) 34 36 33.3 
Cloud Point -10 0 -10 40 
Pour Point -10 -5 -10 40) 
Color 1% to 2 1+ 1% ” 
Doctor sweet NG sour OK 
% Sulphur 0.219 0.25 0.199 0.0097 0.87 
Carbon Residue 

(10% Residium) none 0.011 none 0.058 
Corrosion, CuStrip, 212F no.1 strip OK no. 2 strip OK Ok 
Gum, Mg/100 cc 43.4 6.2 52.4 1.0 13.8 
Analine Point °F 134.6 150.2 145 153.8 96.4 
Diesel Index 45.5 59.3 52.23 112.1 20.4 
Cetane No. 41 54.0 46 40.0 40.5 
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Fuels Probed 


RELATION of diesel fuel’s combustion 
performance to its physical properties 
slowly is emerging from tests under way 
at the University of Wisconsin since 
1942. Small maximum temperature and 
pressure differences found in the five 
fuels tested (Table 1) point to need for 
extreme experimental accuracy. 

As Fig. 1 shows, combustion temperature 
for the fuels actually are small, ex- 
pressed as percentages of the absolute 
temperatures. The straight-run fuel gave 
highest temperature; cetane-alpha mix- 
ture, the lowest. 


The cetane-alpha mixture also produced 


BASED ON PAPERS* BY 
PS. Myers 

& 
0O.A.Uyehara 


Mechanical Engineering Department 
University of Wisconsin 


the highest and earliest total rate of 
pressure change. 

Interestingly enough, despite variation 
in crank position for peak rate of pres- 
sure change due to combustion, peak 
values didn’t differ much between fuels. 
Curves for this rate of change also in- 
dicate release of some heat by all fuels 
before main combustion. 

Another item revealed by the test data 
is that all fuels, except cetane-alpha 
mixtures, give lower combustion tempera- 
tures at earlier points of injection. 
Whether this reversal of trend of the 
cetane-alpha mixture stems from one of 
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Combustion Temperature Gage 


Combustion flame temperatures of the 
diesel fuels tested at the University 
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of Wisconsin are measured with this 
electro-optical pyrometer. 

Radiation from the combustion cham- 
ber is focused by a lens system on a 
limiting diaphragm with an opening 
somewhat smaller than the image at the 
radiation source. This prevents vibra- 
tion or other small movements at the 
radiation source from varying the 
light passing through the limiting 
diaphragm. 

A lens then parallels the light, two 
prisms next disperse, and another lens 
refocuses it. A barrier with two slits 
is placed at the focal point of this 
lens. Phototubes behind each slit are 
actuated by radiation passing through 
it. After going through a series of 
amplifiers, the light is translated 
into reading of true flame temperature 
on the cathode ray tube of an oscillo- 
graph. 
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found is shown in the con- 
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FLASH POINT - DEG. F 


@Fig. 2 - This contour graph is plotted with flash point as 


the variable 


its properties or from experimental error 
isn’t yet clear. But since the change is 
not great, experimental error may be eyed 
with suspicion. 

And earlier injection, as expected, 
gave higher total rate of pressure change 
due to combustion in all cases. But extent 
of this change at two different points 
varied between the different fuels. The 
gasoline mixture, for example, showed a 
greater increase (in rate of pressure 
change due to combustion) with earlier 
injection than other fuels. 

Probably the most consistent trend 
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Presence of variables 
other than fuel composi- 
tion complicates analysis 
of this and other contour 
graphs plotted. For 
example, if you vary both point of in- 
jection and the fuel, it is hard to tell 
whether the fuel or the change in operat: 
ing conditions produced the effect noted. 

Before developing specific performance 
property relationships, we will have t 
get accurate combustion data for many 
more fuels under greatly varying engine 
operating conditions. But these prelimi 
ary studies have yielded clues to more 
profitable future investigations. 

Complete copies of papers on which this 
article is based are available from SAl 
Special Publications Department. Price’ 
25¢ each to members, 50¢ to nonmembers. 
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Automotive Designer's 


Concept of Steel vs Light Metal 


asIC factors in designing aluminum and 
its alloys for automobiles are cost and 
ease of manufacture. 

In automotive design these factors must 
always be kept in mind because parts must 
be built aseasily and cheaply as possible. 

But if the designer finds a part will 
function better if made of aluminum, he 
should do everything to overcome objec- 
tions based upon cost or difficulty of 
production. 

During the war, production men reached 
new heights of achievement, and now can 
build of aluminum practically any part 
designed. The cost may be sky-high, but 
improved methods eventually may bring it 
down. | 

Here is how properties of aluminum, 
steel and cast iron affect a designer’s 
work: 

field Strength. In designing a load- 
carrying part, one should first check a 
number of critical points to determine 
the cross section to assure against fail- 
ure of the part. In most cases, this 
means that the yield strength of the 
material must not be exceeded, because 
a bent part usually has lost its func- 
tional ability. 

Yield strength of both mild steel and 
unheat-treated wrought aluminum varies 
considerably with the amount of cold- 
working before or during fabrication. 
That of cold rolled steel is about 100% 


—_—,, 


‘Paper “An Automotive Designer’s Concept 
of Steel vs. Light Metals” was presented 
at the SAE Summer Meeting, French Lick, 
Ind., June 7, 1948. 
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greater than that of fully annealed steel 
of the same analysis. 

An increase in yield is effected by cold 
forming to aless degree. This improvement 
is seldom utilized because the amount of 
cold working varies considerably and only 
in the region of sharp bends is anywhere 
near 100% obtained. Parts which are to 
undergo considerable forming have proved 
to be satisfactory by experimental test- 
ing when made of a lighter gauge than a 





sDie cast aluminum alloy parts now in production 









































theoretical stress analysis would indicate. 

Variation in yield strength of unheat- 
treated wrought aluminum due tocold work- 
ing may be 350 to 400% between dead soft 
and full hard. This is too great a dif- 
ference to be ignored, as it often is in 
steel stampings. 

By paying attention to the depth of 
draw and bend radius, \&% or % hard blanks 
can be used and the yield strength of 
the part will be only slightly less hard 
than steel’s. An increase of from 10 to 
15% in gage of aluminum for such a part 
should suffice. 

When designing parts where severe draws 
or sharp corners are unavoidable and dead 
soft sheet must be used, the yield strength 
will remain low in those portions where 
little cold working has occurred. If the 
unworked portions are stressed, the alumi- 
num may have to be twice as thick as 
steel inorder to have comparable strength. 
Experimental aluminum alloy fenders re- 
quired material 40% thicker than for 
steel fenders. Stones striking the un- 
worked portion dented the fender. 

With changes in forming operations and 
possible local annealing, use of a higher 
temper aluminum would make a successful 
fender with equal thickness. 

Unheat-treated aluminum sand castings 
in general have a yield strength about 
50% as high as that of “run of the mine” 
20,000 to 30,000 psi iron castings. 


Stressed aluminum sections would ha, 
to be about 45% thicker than correspond, 
ing iron sections. However, many of oy 
iron castings are thicker than necessa;, 
in order to take care of core shiftin, 
metal flow, and so forth. . 


As far as static strength is concerned 
80% of the sections would not have to be 
increased if made of aluminum. There ay 
cast irons whose strength is much mor 
than 30,000 psi. We must resort to heat 
treated permanent mold castings or jp. 
crease the sections proportionately larger 
than indicated if we are to substitute 
aluminum for iron in such parts. 

Because yield strength of aluminum alloy 
die castings is about 25% less than that 
of gray iron, this difference could be 
corrected by increasing the section by 


about 15%. 


Die castings can be made with so mucn 


thinner sections than is possible with 
gray iron. Hence for static strength, 
many sections of the die casting could 
be made much thinner than the corres- 
ponding iron sections. More ribs and 
more complicated rib patterns can be 
used in die-casting, making it possible 
to reduce some sections which, in cast 
iron, are rather highly stressed. With 
present equipment and techniques, porosity 
of aluminum die castings can be con- 
trolled closely except in such spots as 
heavy bosses. 


Some experimental aluminum alloy automotive parts 
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successful outboard engines have been 
nade almost entirely of die castings, 
;ncluding the pistons, connecting rods, 


and the cylinder block. The latter are 
cast with steel liners. 

Aged, but unheat-treated, permanent - 
nold aluminum alloy castings ‘have yield 
strength probably 10% higher than the 
strength of 20,000 to 30,000 psi gray 
;ron. Thinning of sections of the aluminum 
casting in places where the iron section 
is determined by foundry practice and 
those heavier sections designed to carry 
load, is indicated. 

Strength at Elevated Temperatures. Few 
parts of the engine, fluid couplings, and 
torque converters reachtemperatures which 
appreciably reduce the yield strength of 
aluminum. At 300 F most aluminum alloys 
will have a yield strength about 10 to 
0% lower than that at room temperature. 

Stressed parts to be exposed to rela- 
tively high temperatures require particu- 
lar care 1n choosing the proper alloy. 
Strength of steel is affected by high 
temperatures. Oil-hardened springs lose 
strength rapidly above 400 F but ordinary 
steel parts are little affected below 500 
or 600 F. 

Static overload failure is rare. It is 
much more important for a part to be able 
to withstand often repeated loads con- 
siderably less than maximum. Comparison 
of endurance limits forsteel and aluminum 
gives a truer picture of the relative 
strength than comparison of their yield 
strengths. 

indurance Limits. Unheat-treated 
wrought aluminum endurance varies from 
somewhat less than half to aboyt three- 
quarters that of hot rolled SAE 1010 car- 
bon steel, depending upon which alloy is 
used. 

_ To make up this difference in endurance 
‘lmit to give an aluminum part equal 
fatigue life to asimilar mild steel part, 
its thickness should be increased by 45%. 

Sand and permanent mold cast aluminum 
‘ndurance limits are less than half that 
of cast iron, and equivalent aluminum 
sections should be about 50% greater ex- 
cept where the latter are thicker than 
Necessary because of fowndry limitations. 
But die cast aluminum has an endurance 
‘mit equal to or slightly higher than 
Clr ordinary automotive cast iron. How- 
‘ver, die cast aluminum, unlike cast iron 
°T sand cast aluminum, is notch-sensitive. 
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It is believed that this notch-sensi- 


tivity exists only when the chilled sur- 
face layer has been broken. At those 
points in a die casting where, due to 
machining operations, the skin is broken, 
a stress concentration problem may arise. 

Any advantage held by aluminum over 
cast iron may be more than wiped out. In 
designing die castings, one must keep 
this stress concentration in mind, where- 
as in sand castings of either aluminum or 
cast iron, this is no problem. 

In most cases, ribs and turned up 
flanges are added to give rigidity to a 
structure. One should proportion them to 
increase, and not reduce, the strength 
of the section to be stiffened. A section 
two inches wide and an inch deep, with a 
rib a quarter of an inch wide and one 
inch high, is about two and a half times 
as stiff, but only 90% as strong, as if 
the ribs were omitted. 

Such weakenings are particularly notice- 
able in fatigue loading. With aluminum, 
in which the ratio of endurance limit to 
yield strength is lower than in steel, 
proper rib proportioning is extremely 
important. 

Modulus of Elasticity. In a number of 
automotive parts stiffness is more of a 
problem than strength. Transmission cases, 
linkages, and brake parts receive close 
scrutiny for deflection. 

Aluminum’s modulus of elasticity is 
only one-third that of steel. Strength 


deficiencies can be circumvented by using 
heat-treatable alloys if the extra opera- 
tions are warranted. There seems no way 
of getting around a low modulus of elasti- 
city. Therefore, when analuminum part may 
not deflect further than its steel coun- 
terpart, the depth of section must be in- 
creased 45%. 

Aluminum castings show a much better 
comparison to gray iron than wrought 
aluminum does to steel. Cast aluminum’s 
modulus of elasticity is about three- 
fourths that of cast iron’s value. This 
suggests increasing the depth of the 
aluminum section 10%. Variations in the 
value of the modulus of elasticity of 
cast 1ron are wide. Curves range in 
values from 8,000,000 to 20,000,000 psi, 
depending upon various factors. 
14,000,000. 

Thermal Expansion. 
transmission, 


I use 


Some of the engine, 
and fluid coupling parts 





























are subject towide nature changes. Alumi- 
num’s coefficient of thermal expansion 
is about twice steel’s. 

When aluminum parts are fastened with 
steel bolts, thermal stressing beyond the 
yield strength loosens connection at 
lower temperatures. Steel inserts in 
aluminum castings are liable to be loose 
in some temperature range. Running fits 
of steel parts mounted in aluminum cases 
will be seriously affected by tempera- 
ture, and careful investigation before 
designing is essential. 

Galvanic Corrosion. When twodissimilar 
metals are immersed in a salt solution 
the difference in electrical potential 
causes a current to flow between them. 
This accelerates corrosive action. 

Aluminum and steel joints exposed to 
the salt water from winter streets cor- 
rode rapidly, particularly if they hold 
this moisture for awhile. Such bimetallic 
joints must be insulated from the salt 
or from each other. Engine coolant poses 
this problem. 

Hardness. Brinell value of unheat- 
treated aluminum alloys, roughly one- 
third that of mild steel, will affect 
moving parts such as levers and other 
linkages exposed to the weather, mud, and 
sand. They do not resist wear even when 
made of steel. 


If made of aluminum, these Parts 
must be made with hardened’ steel 
inserts. 


Anodizing is not effective except 
where lubrication is plentiful, as in 
pistons. It does not stand up to severe 
abrasive wear. Threaded holes require 
steél inserts if the screws are to be 
removed more than three times in service. 

Aluminum’s softness raises a question 
in its use for exterior parts. It would 
seem that chrome plating such parts would 
protect the material despite its soft- 
ness. 

As a bearing material, aluminum has 
proved to be successful with hardened 
steel shafts. 

Solder. Automobile bodies have reached 
their enviable state largely becatise we 
stamp panels and spot weld them. Welds 
are in a depression which is later filled 
with solder, and joints are invisible. 

At the present state of the art, weld 
depressions of aluminum sections cannot 
be soldered. A satisfactory filler or a 
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different type of aluminum 
would solve this. 

Weight. Its light weight makes use of 
aluminum attractive. If, instead of fol. 
lowing conventional design of Sections 
they were U or box shaped, and outside 
dimensions were adhered to, the INcreag 
in volume of aluminum over steel woul; 
be considerably more than I have ing). 
cated. For example: 

Increasing thickness of a plate by jj 
results in a 21% increase in bendin, 
strength. But toincrease bending strengt) 
of a 2 in. x 2 in. x 1.8 in. box sectio, 
21%, requires an increase of almost 9% 
wall thickness. The total number of part 
which could be changed from steel or cag 
iron to aluminum would contain 45% mor 
volume of material. Hence weight saving 
would be one-half instead of two-thirds. 

A gross weight reduction of our auto- 
mobiles by 10% would permit: 

A smaller engine, 

Perhaps a simpler transmission or fast- 
er rear axle and smaller brakes, 

Reduction size of suspension units, 


including wheels and tires, 

Weight saving pyramids. The customer 
would save a little in his license plate 
cost in some states, and would use les: 
fuel. 

Cost. A 50% weight saving means that, 
assuming all other operations to be the 
same, aluminum parts would be practical 
if they did not cost more than twice as 
much per pound as corresponding steel or 
cast iron parts. To date, this has not 
been the case, but this price situation 
can change overnight. We are finding 
more parts daily which are economical at 
today’s price of aluminum. 

Cast iron parts which carry practic: 
ally no load are generally a lot heavier 
than their function requires. These could 
be replaced with thin walled die castings 
whose weight might be only one-fifth that 
of the iron parts, thus allowing a pound 
price of aluminum five times as great 4s 
iron. 

Cost of processing the basic metal 1s 
much less in die casting, or partiall) 
automatic permanent mold casting, than 
with sand casting. 

Complete paper on which this articié 
is based is available from SAE Spec}# 
Publications Department. Price: 25¢ * 
members, 50¢ to nonmembers. 
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How to Get 
More Btu’s Out of Our Fuel 


BASED ON PAPER* BY W. G. Perriguey Fsso Standard O11 Co. 


THE problem of getting more out of a 
barrel of crude oil resolves itself into 
two parts: getting more automotive fuel 
of better quality out of the crude, and 
setting more Btu’s out of the fuel in 
terms of engine performance - a job pri- 
narily for the engine designer, who must, 
however, look to the petroleum engineer 
to provide a fuel that will take full 
advantage of any improvements in engine 
design that he makes. 

In the past the first method was used 
most successfully, but it has just about 
been worked to the limit. At least for 
the immediate future, any expansion in 
quantity of automotive fuel produced from 
a given barrel of crude must be at the 
expense of products, such as heating o1l, 


by Kettering, ! 
with a 12%:1 compression ratio. When in- 
stalled in a car, 
mpg 1s claimed for this engine, 
pared with an engine of 6.4:1 giving the 
same vehicle performance. 


higher compression are available: increas- 
ing compression ratio and the use of 
supercharging. 


The former method has been well explored 
who described an engine 


a 40% improvement in 
as com- 


The increase in thermal efficiency with 


higher compression ratios is shown in 


Fig. l. 


The curve marked “actual” takes 





See SAE Quarterly Transactions, Vol. 1, 


















































the demand forwhich has grown more rapid- October, 1947, pp. 669-679; “More Effi- 
ly in the past few years than has the cient Utilization of Fuels,” by C. F. 
demand for automotive fuels. Kettering. 
HIGHER COMPRESSION PRESSURES 
[THEORETICAL] « 
One of the most important a . 
means of increasing the thermal f ” re z 
efficiency of the spark-ignition a oe 025 > 
engine is to have the gas in the < — e 
combustion chamber more high- ui i (ACTUAL) 4030 zZ 
ly compressed at the time of a me wi. 7 
ignition, thus allowing a = — lo40 = 
greater expansion to take place. 3 a ae z 
Two methods of attaining this _ 20 an lo60 © 
0.860 — 
tate 10 1.00 = 
‘Paper “Automotive Fuels’”’ was 0 4 5 4 0 5 
Presented at a meeting of the COMPRESSION RATIO 
Yilliamsport Group of the SAE, Wem, 4 2 Gaciihion of Meaital Aitiaiades with com 


Williamsport, Pa., March 1, 1948. 
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pression ratio 























into consideration valve time lag, and 
the like. Note that a compression ratio 
of 5:1 gives a thermal efficiency of 
30%; but a compression ratio of 10:] 
raises this efficiency to 40% - a one- 
third increase in thermal efficiency. 
In terms of fuel consumption, this means 
a decrease from 0.45 lb per bhp-hr to 
0.35 lb per bhp-hr. 

Unfortunately, both methods of increas- 
ing compression pressure require a fuel 
of higher.octane number, for the more 
compressed the charge the greater will 
be the tendency for detonation to occur. 
In fact, the octane-number requirements 
of the 12%:1 engine just described are 
so high that it will not operate satis- 
factorily on any of the automotive gaso- 
lines on the market today. 

Fig. 2 shows the factors influencing 
octane-number requirements. A basic car 
is assumed that has a compression ratio 
of 6:1, a water temperature of 170 F, 
an underhood air temperature of 140 F, 
and a speed of 3400 rpm. 

This figure shows that an increase in 
compression ratio from 6:] to 7:] in- 
creases the octane requirement of the 
engine about 8 points. 

If, on the other hand, we increase the 
cooling water temperature from 170 F to 
190 F, the octane requirement is increased 
by 2 points. 
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@ Fig. 2 - Factors influencing octane-number 
requirements of engine 
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Likewise, if we increase the underhoog 
air temperature from 140 F to, for ey. 
ample, 200 F, we make it necessary t, 
have a gasoline of 6 octane numbers high. 
er. On the other hand, if we decrease th. 
underhood temperature from 140 F to 100 F 
we decrease the octane-number requirement 
by 4. If engine speed is increased, ga, 
from 3400 rpm to 4600, we increase the 
octane requirement of the engine by - 
points. 


If two or more factors are changed a 
the same time, the total change in o¢. 
tane requirement can be obtained by add. 
ing the increase (or subtracting the de. 
crease) inthe requirements of the various 
items. Thus, if the compression ratio is 
increased from 6:] to 7:l-and, at the 
same time, the water temperature is in- 
creased from 170 F to 190 F, the increase 
in octane requirement is 8 + 2 or | 
points, 


Fig. 2 also shows the effect of super- 
charging. If we add a supercharger to 
this basic car that supercharges to 3 in. 
of Hg, the octane-number required is § 
points more. 

Improper spark advance and carburetion 
also adversely affect the knockfree per- 
formance of an engine. Field surveys show 
that a fairly high percentage of the vehi- 
cles on the road are suffering from poor 
engine performance because of faulty ad- 


















justment. This is, of course, less true 
of commercial vehicles than passenger 
cars because of much better maintenance 
supervision in fleets. Some fleets have, 
however, a tendency to advance the spark 
timing beyond the point of maximum power 
in an effort to increase power. 

If the gasoline being used is of such 
quality that knocking does not occur 
when the spark advance is set at maximum 
power, timing cannot be satisfactoril) 
adjusted by advancing the spark unti! 
knocking occurs. The result will most 
surely be to pass the point of maximum 
power and end with poorer efficiency. In 
such cases, unless a chassis dynamomete! 
is available, the spark should not be ad- 
vanced beyond the manufacturer’s recol 
mendat ion. 


Complete paper on which this article }s 
based is available from SAE Special Pub- 
lications Department. Price: 25¢ to mel 
bers, 50¢ to nonmembers. 
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Gas Turbine 
Powering Vehicles 


Rased on paper by 
FRANK L. SCHWARTZ 


University of Michigan 


Tk gas turbine holds much ap- 


neal as a motor vehicle power- 


slant because of its good torque 
characteristics, simplicity, low 
first cost (when fully developed), 
elimination of the conventional 
cooling system, and lowered main- 
tenance. But its acceptance for 
highway transportation depends on 
both the future fuel situation and 
progress in developing more eff1i- 
cient compressors and turbines. 

Configuration best adaptable to 
vehicle propulsion seems to be 
the dual cycle. This calls for 
two turbines - one for driving 
the compressor and one for sup- 
plying external power. The power 
turbine, being independent of 
the compressor turbine, can run 
at any speed from zero to maxi- 
num - always being supplied with 
air from the compressor turbine. 

This arrangement gives flexi- 
bility for vehicle use. Gas from 
a single combustion chamber may 
pass through the two turbines in 
series, Or a second combustion 
chamber may be interposed between 
the two turbines. 

The dual-cycle gas turbine holds 
many advantages over the reci- 
procating engine. A separate tur- 
bine can be geared to the driving 
axle. The compressor and compres- 
sor turbine could be conveniently 
built to suit body design, but 
should be placed close to the 
criving axle. 

The separate compressor turbine 
could run at nearly constant speed 
at optimum efficiency), yet the 
power turbine could fluctuate from 
ero to maximum speed. A minimum 
of inertia would be directly 
coupled to the axle. 

The gas turbine would occupy 
only two-thirds the volume of an 
‘quivalent reciprocating engine; 
*r, it could develop more power 
in the same space. It would also 
*eigh less and require no cool- 
‘ng, saving fan horsepower con- 
sumed and eliminating the radiator. 
_Andthe gas turbine needs little 
‘Ubrication. It consumes less than 
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4% ofthe lubricating oil required 
by a diesel engine. Only parts 
needing lubrication are ball or 
roller bearings on the compressor 
and turbine shart. 

The dual gas turbine has not 
only smooth torque, but a very 
desirable torque characteristic. 
The engine itself produces nearly 
constant torque with speed varia- 
tion. To provide adequate torque 
for rapid acceleration and hill 
climbing, two other gear ratios 
can be used. The torque curve 
envelope would form a hyperbola 
of constant horsepower with ideal 
transmission. 


GOOD DESIGN RPM IS 0,77 RUNAWAY 


The power turbine yields maxi- 
mum efficiency and power at speeds 
of about half the runaway speed. 
But designing the turbine to get 
desired torque at about 70% of the 
runaway speed maintains a high 
efficiency over 30 to 70% of run- 
away speed, or 50 to 100% of vehi- 
cle speed. 

Even more important is improve- 
ment in torque characteristic. 
Moving the design point to 70% 
of runaway speed nets a stall 
torque four times the running 
torque at maximum speed. Except 
for speeds below 30 mph, the gas 
turbine is superior to multiple 
gear transmission. Raising com- 
bustion chamber temperature will 
improve low-speed torque for 
short periods. 

Turbine speed at maximum road 
speed could be set at 20,000 to 
30,000 rpm withaset of planetary 
gears required. Another gear 
would handle the reversing job. 
Control of the simple turbine 
need consist of only a throttle 
valve on the fuel line to govern 
combustion temperature. 

Gas turbines are not tempera- 
mental about the fuels they burn. 
Poor quality fuel oils burn suc- 
cessfully, even lower in quality 
than diesel fuel. Bunker C fuel 
already has been used. And much 
development work is under way 
with powdered coal. 

The gas turbine’s specific fuel 
consumption at full load, with a 
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1600F combustion temperature 
would be about 0.65 lb per hp-hr, 
rising to 0.90 lb per hp-hr at 
half load. 

Fuel consumption is the prin- 
cipal disadvantage of a gas tur- 
bine without regeneration, par- 
ticularly at part load. But its 
use of lower quality fuel and 
small lubricating oil needs make 
its fuel costs competitive with 
diesel andspark ignition engines. 

The fuel situation will have 
much to do with the gas turbine’s 
future. With the present price 
differential between furnace oil 
and diesel oil plus diesel lubri- 
cation cost (figured at 10% of 
diesel fuel cost), a gas turbine 
with 24% efficiency costs as much 
to operate as a 36% efficient 
diesel. And first cost of the gas 
turbine should run about 75% of 
the diesel engine. 

Automotive engineers will watch 
future developments with interest. 
Better high temperature alloys, 
more efficient compressors and 
turbines, powdered coal, cooled 
blades, and improved manufactur- 
ing methods will determine when 
and to what extent gas turbines 
will operate on the highway. 


Diagnoses Design Defects 
Of Plane Engine Controls 


Based on paper by 
HARRY W. NEVIN, JR. 


United Air Lines, Inc. 


WEAR and vibration make up the 
biggest nemesis of mechanical and 
electrical aircraft powerplant 
controls. Many control components 
have a service life shorter than 
the period between plane overhaul. 

From a maintenance standpoint, 
present cable type controls stil] 
require too many man-hours for 
rigging and maintenance. Wear on 
some cables, pulleys, and fair- 
leads takesa lot of maintenance 
replacement by airline operators. 
Pulleys used as guides on straight 
cables with small wrap angles are 
subjected to pounding and wear by 
vibrating cables. This pounding 
produces flat spots on pulleys 
and damages pulley bearings so 
that they cock. 

On one type airplane it has 
been necessary to replace the 























engine section propeller governor 
cable, pulley and fairlead about 
every 500 hr because of vibration 
damage; yet cables in the air- 
plane structure seldom have to be 
replaced before the 8000-hr in- 
spection. This trouble now is 
being corrected. 

Cables wear from pounding or 
abrasion on pulleys and fair- 
leads. Since abrasion increases 
because of dirt adhering to oil- 
covered cables, pulley and fair- 
lead cable locations should be 
shielded from oil and dirt. 


ELECTRICAL CONTROLS SHORT-LIVED 


Powerplant vibration plays 
havoc with present electrical 
controls from the maintenance 
man’s standpoint. For example, 
on one type airplane several 
failures of the propeller governor 
lead stemmed from chafing of the 
outside glass covering of the 
wire and grounding of it against 
the conduit in the engine sec- 
tion. In this case similar fail- 
ures are being prevented by 
changing the glass wiring cover- 
ing to cloth. 

In another case, an electrical 
supercharger clutch shift actua- 
ator, mounted onthe engine, oper- 
ated erratically or failed be- 
cause of loose electrical connect- 
or inserts and broken wires. This 
prevented clutch shifting, or 
produced an even more serious 
condition due to intermittent 
contact of the broken wires. It 
gave rise to creeping of the 
clutch selector valve, causing 
slippage and burning of the super- 
charger clutches in the engine. 

And broken wires in the engine- 
mounted tachometer generator have 
caused loss or regulation of en- 
gine speed in an electronic pro- 
peller synchronizer system. 

In electronic control develop- 
ment, efforts should be directed 
toward simplifying circuits. This 
will not only reduce the quantity 
of items that can fail, but it 
will simplify trouble shooting 
and maintenance. Any complex elec- 
tronic unit should be separated 
into several components, each of 
which is simple to check for 
operation and easy to replace if 
faulty, without disturbing the 
other components. 

Breaking an assembly down into 
interchangeable components saves 
the operator money since it re- 
duces his capital investment in 
spare parts. Yet if a faulty unit 
cannot easily be located by a 
mechanic at a line station, 


flight delays will follow if the 


mechanic changes the wrong unit. 
Flight delays can quickly offset 
any economic advantages gained 
by this line of thought. 
Many of these short-lived power- 
plant control components are con- 
sidered adequately tested and 
serviceable by the manufacturer. 
Perhaps manufacturers should test 
all new type engine control com- 
ponents under more severe vibra- 
tion conditions and over longer 


periods to better Simulate act, 
flight conditions. (Paper. 
Transport Maintenance and 5, 
gineering Aspects of Powerplay, 
Controls,” was Presented at sy 
National Aeronautic and Air Trans. 
port Meeting, New York, April } 
1948. This paper is available ;, 
full in multilithographed {or 
from SAE Special Publications De- 
partment. Price: 25¢ to members 
50¢ to nonmembers. ) 





Calls T-Rules Unfair 
To Commercial Planes 


Based on paper by 


F. W. KOLK 
and R. W. AYER 


American Airlines, Inc. 


RESTRICTIVE take-off require- 
ments in the Civil Air Transport 
Category Performance Regulations 
jeopardize the economy of cur- 
rent airplanes. 

Flap settings are a case in 
point. Partial engine considera- 
tions lead to flap settings of 
about 5 deg tofly maximum weight 
from a given runway. But under 
average conditions, take-off is 
shorter and altitude at end of 
field greater with a 15-deg flap 
setting. With the 15-deg setting, 


ALTITUDE 


ENGINE FAILS 



















a pilot experiencing a sudden ep. 
gine failure at the end of the 
runway (when he’s several hundred 
feet in the air) is in a much 
safer position than if he had set 
his flaps at 5 deg. 

The overall problem becomes 
somewhat clearer by referring t 
Fig. 1. This diagram shows; 
series of take-offs on a distance 
and time scale. 

Present regulations require 
that, at some critical speed \ 
the pilot either stop withis 
bounds of the -runway or continue 
his take-off. Let’s cali the cor- 
responding time T,. If the engine 
fails before T,, the pilot can 
stop; if it fails after, he can 
continue. In this case his flight 
path is shown by “one engine (Ai 
take-off.” His flight pathis‘‘ts 
engine take-off” if he doesn't 
experience failure. 

Here’s where the regulatory 
concept is fallacious: Fig. | 
shows us that T, corresponding 
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Fig. | - Typical take-offs for a two-engine airplane 
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y. represents a point. Thus 


to 


the time within which the pilot 
bas a choice is infinitesimally 


mall. Probability of a sudden 
wer failure at V, 1s zero. And 
yen assuming ever-present prob- 
ability of failure on any flight, 
ye can still tolerate a definite 
time interval corresponding to 
the point Ty. And during this 
period chances of power failure 
are remote to the point of being 
almost impossible. . 

What’s needed is a finite time 
interval with probability of no 
engine failure during this time 
block. Experience with power 
failure rates serves as a basis 
for calculating this value. 


For two-engine airplanes, 5 sec 

of uncovered time between T,, and 
T,, seems appropriate. To be con- 
sistent, a four-engine airplane 
can tolerate only a 2 1/2 sec 
period. 
The DC-3, which never heard of 
T-category, has violated this 
take-off rule for many years with 
no record of an accident due to 
this procedure. The DC-3 operates 
with an uncovered time of from 5 
to 10 sec. 

Trouble with the T-category 
take-off rule is that it doesn’t 
recognize characteristics of the 
airplane in both normal and emer- 
gency take-off. It unduly penal- 
izes two-engine airplanes and may 
be excessively liberal with four- 
engine ones. 

Unnecessary restrictions also 
apply to requirements for rate of 
climb, terrain clearance, and 
length compensations for icy run- 
ways. Airline operators would 
like to work under revised regu- 
lations which are arbitrary only 
in basic essentials - such as 
ability to maneuver safely under 
emergency conditions and ability 
to clear obstacles after engine 
failures. 

They object to having good air- 
planes damned because of high 
wing loading. There is little 
doubt that advaneed, high-speed 
equipment, such as jet trans- 
ports, cannot operate successfully 
and economically under the present 
regulations. The T-category 
doesn't give operators the flex- 
ibility of taking the most per- 
formance and economy from any 
airplane safely. (Paper “The 
Fallacy of Arbitrary Performance 
Regulations,” was presented at 
SAE National Aeronautic and Air 
7. ° 
‘Tansport Meeting, New York, 
April 15, 1948. This complete 
Paper is available in multili- 
thographed form from SAE Special 
Publications Department. Price: 
<o¢ tomembers, 50¢ to nonmembers. ) 
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Tells How To Up Temperoture 
Of Vehicle Cooling Systems 


Based on paper by 


F M. YOUNG 


Young Radiator Co. 


(This paper will be printed in 
full in SAE Quarterly Trans- 


actions) 


THERE are two ways of boosting 
jacket water temperatures above 
the 140-180F range to reduce 
size and cost of motor vehicle 
cooling systems: (]) with higher 
boiling point coolants and (2) 
with a sealed cooling system. 

Boiling point of water - 2]12F - 
limits the temperature of the 

open forced-water system. We can 
climb above this ceiling with a 
higher boiling point coolant and 
by raising the thermostat’s con- 
trol temperature. Only high boil- 
ing point chemical meeting most 
coolant requirements - such as 
low cost, freezing point, com- 
mercial availability, toxicity, 
fire hazard, and corrosivity - is 
ethylene glycol. 

Although it has a 388F boiling 
point, heat dissipation might de- 
crease as much as 35% because of 
its comparatively low specific 
heat, thermal conductivity, and 
film coefficient. And hot spots 
also could be expected in the 
average engine. What we really 
need is a fluid with high boiling 
point, low freezing point, and 
all the other properties of water. 

If we must stick with water, 
the sealed or pressurized cooling 
system is another way of raising 
cooling system temperature. The 
sealed cooling cap is shown in 
Fig. 1. It’s been known for many 
years. These caps consist of two 
spring valves. One blows off to 
the atmosphere and protects the 
radiator by relieving at the 
system design pressure; the other 
spring relieves to the interior 
of the radiator and opens when a 
partial vacuum is created within 
the radiator after engine shut- 
down. The blowoff valve also per- 
mits the original expansion of 
water and relieves any entrained 
alr. 

To attain the 300F level would 
require a 57-psi cap for water 
including an extra 5 psi to pro- 
tect against possible vapor and 
surge losses. The basic auto- 
motive radiator would have to be 
of the fin and tube type with 
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Fig. | = Typical cap for 
sealed cooling systems 





heavy gage ribbed and reinforced 
tanks to withstand this pressure. 
Soft solders lose about 50% of 
their strength in shear and ten- 
sion at 250F. 

Diffusion also occurs between 
tin alloy solders and copper at 
continuous temperatures above 
250F so that bonding strength de- 
creases. This calls for brazed 
or silver soldered construction 
in a 300F radiator. Probably the 
extra costs in manufacturing such 
a radiator would offset gains in 
reduction of heat transfer sur- 
face and fan horsepower. Staying 
with the economical soft-solder 
radiator restricts temperatures 
to 250F. This requires pressuriz- 
ation to 15 psi for water. Adding 
3 psi for surge protection points 
to an 18-psi cap. 

Required radiator surface can 
be decreased 60 to 70% by raising 
jacket water temperature to 250F 
(for constant engine heat rejec- 
tion at 160F average jacket water 
temperature and 100F ambient air 
temperature). Specific reduction 
will depend on whether the de- 
crease is taken in face area, 
depth of core, or a combination 
of both. 

Required airflow decreases in 
relation to radiator proportions. 
Fan horsepower will be reduced 
30 to 60%, depending how the 
changes are made. 

Antifreeze solutions must also 
be considered. Fig. 2 compares 
curves of pressure cap setting 
versus boiling point for water 
and solutions of ethylene glycol 
and alcohol with a -20F freezing 
point. 

At 15 psi, boiling point of the 
44% glycol solution is 250F. This 
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concentration should decrease 
heat transfer by not more than 
10%, because of high water jacket 
and radiator velocities. 

Boiling point of the 37% methyl 
alcohol-water solution and of 
the 47% ethyl-alcohol-water solu- 
tion at 15 psi is 215F. If alco- 
hols must be used, this tempera- 
ture still makes for a 40 to 50% 
cooling surface decrease and a 
20 to 40% reduction in fan cool- 
ing input. (Paper “High Tempera- 


ture Cooling Systems,” was pre- 


Fig. 2 - Pressure-tem- 
perature relation of 
water and anti freeze 
solutions, with -20F 
freezing point, for 
sealed cooling 





sented at SAE National Trans- 
portation Meeting, Philadelphia, 
April 1, 1948, and at the SAE 
Cleveland Section, April 12, 
1948, and the paper “Devel- 
opments in Engine Cooling Sys- 
tems,” presented at various 
SAE sections during November, 
1947. These papers are avail- 
able in full in multilitho- 
graphed form from SAE Special 
Publications Department. Price: 
25¢ each to members, 50¢ each 
to nonmembers. ) 





Oil Tests Warn 
Of Engine Woes 


Based on paper by 
RALPH L. FABER 


Faber Laboratories 


CRANKCASE oil analysis fore- 
casts vehicle engine troubles 
before they erupt into costly 
repair jobs. This series of tests 
also points to economies such as 
maximum mileage before 011 change. 

The complete analysis consists 
of the following tests: 

1. Solids Volume - determines 
whether oil’s detergent or dis- 
persive characteristics remain. 

2. Faber Viscosity - a spe- 


cialized viscosity determination 


adaptable to mass production 


techniques with good accuracy and. 


good correlation with operating 
viscosities. 

3. Foreign Matter - quantita- 
tively grades all contaminants 
ordinarily found in oil. In the 


analysis report is indicated where 
metal found comes from (bearings, 
rings, or wall) and where gums, 
residues, and sludges are de- 
rived. Sources of other materials 
also are given. 


4. Crankcase Operating Temper- 
ature - gives an estimation of 
general average temperature at 
which 011 in the crankcase is 
held by the cooling system, am- 
bient temperature, and operating 
conditions. 


5. Type Of Dilution - deter- 
mines, by examination of distil- 
lates, whether the dilutant con- 
sists of heavy ends (which steadily 
accumulate in the crankcase be- 
cause of blowby or bad rings) or 
light fractions (that may come 
from over-choking). 


6. Sludge Index - is based on 
a volumetric measurement of the 
initial oxidation and pol ymeriza- 
tion products formed as colloidal 
particles. They escaped detection 
until recently because of their 
small size and a density not much 
greater than the oil’s. 
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By considering all thes 
together, important ca 
controllable operating 
usually become apparent. For, 
ample, take the following set 
conditions: (]) the oil abnormal. 


© tests 
uses of 
faults 


ly thickens during a B1 VEN periog 


of service; (2) the Sludge Inde, 
gives evidence of considerabj, 
oil oxidation; (3) but there ;, 
no sign of localized high temper. 
atures such as excessive ring anj 
wall wear or carbon from the yp. 
derside of the piston heads. 


TROUBLES DIAGNOSED 


lt’s a good bet that in this 
case the engine is either over. 
loaded or under cooled. 

But this same evidence of 9)! 
oxidation, accompanied by n 
unusual increase in viscosity and 
severe localized operating ten- 
peratures, points to poor adjust- 
ment. Late timing and lean car- 
buretion are the most frequent 
causes. 

From an overall evaluation alsc 
generally emerges the cause of 
excessive sludge in the crank- 
case, valve chambers, and other 
portions of the engine. If the 
Sludge Index and solids volume 
both are high, and at the same 
time excessive water or emulsior 
appears or traces recur, it is 
usually a good sign that cold 
temperature operation is the 
source of trouble. 

Remedy for this involves merely) 
changing operating temperatures 
or either insulating or venti- 
lating that portion responsible 
for the sludge. 

Tip-off to high temperature 
sludge (which consists of resins 
varnishes, or lacquers) is a high 
Sludge Index and high Solids 
Volume together with other ev1- 
dence of high temperature opera- 
tion. (Clues to the high tempera: 
ture condition are thickened vis- 
cosity and frequent signs 0! 
carbon deposits forming) 


ANALYSIS DEFINES OIL LIFE 


In addition to its role in pre- 
ventive maintenance planning 
this oil analysis system de fines 
maximum safe use period for 0}! 
in each engine. No danger ¥!!! 
come from continued use of the 
oil so long as: viscosity rema:ts 
within safe limits; there 1s ™ 
danger of contamination; the ° 
has not deteriorated or does "0° 
contain deterioration products, 
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4]] these items are determinable 
from the tests, considered sepa- 
ratel Y or in combination. . 
Schema tic crankcase oil analysis 
and interpretation has been de- 
oped into a service. Operating 
| take samples at peri- 
ls and send them to 
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personne 
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Cost Records Gage 


Rased on paper by 

L. L. PERNOT 

Four Wheel Drive Auto Co. 
REALISTIC cost recording will 


oyide the fleet operator to true 
maintenance and operating eco- 
nomies and also will tell him 
ther things about his operation. 
In the first place, the operator 
ist recognize two categories of 
sosts - those which vary directly 
with total miles traveled or 
total tons hauled and those which 
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LICENSE & INSURANCE 


8.9% 


DEPRECIATION 


8.0% 


the laboratory for analysis and 
interpretations. A report with 
recommendations on corrective 
measures necessary is then fur- 
nished the operator. (Paper 
“Faber Engine Analysis for In- 
iternal Combustion Engines,” 
was presented at the SAE Metro- 
politan Section, New York, Oct. 
21, 1948.) 


Fleet Performance 


do not. From Fig. 1, which shows 
proportions of the various items 
of cost for a particular opera- 
tion, we can segregate the items 
into the two classes. 


The fixed costs - which remain 
constant regardless of total 
tonnage or mileage - consist of 


license fees, insurance, and de- 
preciation. They total 16.9% of 
total operating costs. The re- 
maining items are variable and 
have a direct bearing on mainte- 
nance. 

Many operators not following 
such a record-keeping plan fall 
into pitfalls of false economies. 


47 2% 


Fig. | = This kind of operating cost analysis should be made by 
every fleet. Fixed expenses are shown by the shaded area, others 


are variable expenses 
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For example, some fleet men think 
they are saving money by lubri- 
cating equipment with inferior 
grade oil or by extending the o:! 
change period beyond the recom- 
mended, time. Fig. 1 shows that 


lubricant cost - including motor 
oil and all other vehicle greases 
and lubricants - makesup only 


3.9% of the total operating cost 
of a piece of equipment. 

By violating good lubrication 
practice, the operator saves an 
insignificant amount at best. 
Many have found that the 1% econ- 
omy they may net in this fashion 
is more than offset by the in- 
creased cost of repairs and 
repair labor. They actually make 
a dent in an item representing 
22% of total operating cost, as 
shown for repair parts and labor 
in the chart. 

A good maintenance program will 
go a long way toward reducing the 
different operating cost factors. 
Operating the engine more ef fi- 
ciently will reduce the big fuel 
cost item. This calls for check- 
ing the engine at certain inter- 
vals to keep parts such as spark 
plugs, distributor, andcarburetor 
in proper working order and 
adjustment. 

Operational cost records also 
can tell you something about your 
drivers. Take the case of two or 
more pieces of the same kind of 
equipment operated in the same 
fleet. Considerable difference 
between the cost of each unit 
points to differences in driving 
skill and care. (Paper “Running a 
Fleet of Trucks Without Cost 
Records Is Like Using a Clock 
Without Hands,” was presented at 
SAE Oklahoma A & M Student Branch, 
March 13, 1948. This paper is 
available in full in mimeographed 
form from SAE Special Publica- 
tions Department. Price: 25¢ to 
members, 50¢ to nonmembers. ) 


Friction Oxidation Plagues 
Oscillating Ball Bearings 


Based on paper by 


L. A. HILLES 


Fafnir Bearing Co. 


OSCILLATING action can acceler- 
ate ball bearing failure through 
friction oxidation, unless a bear- 
ing of suitable size is chosen. 
Friction oxidation, the ordinary 




















mode of failure with bearing 
races in reversing applications, 
is a phenomenon where grease and 
race metal oxidize simultaneously. 
Metal thus removed from the race 
under the ball contact causes 
iron oxide (rouge) to mix with 
the grease. It forms a lapping 
compound that speeds deteriora- 
tion. 

Friction oxidation shortens 
bearing life as compared with 
normal fatigue-failure life for 
single direction motion. 

Extensive research with dif- 
ferent kinds of bearing designs 
and greases gave rise to a theory 
explaining this action. The cul- 
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ellipses touch one another (E, F, and 
failure is quickest 








~} “ aistance s_ 


Cliffs touch each other - 


E Dicccil \ , Lubrication very poor and 
Se points of max. wear become 


continuous zone. 


A less ¢ 
i | +t gets 
infinite for the overlap portion - 
roint 


prit in this case was named 
“totalization of pressure per 
lubrication cycle.” A high per- 
centage of the contact ellipse 
area at point of reversal is 
stress-abused far more severely 
before being relubricated than 
in pure rotary motion. 

At this point, totalization of 
pressure is doubled since this 
area is abused just after start 
of reversal, under almost starved 
lubrication. Even after uncover- 
ing of the loaded area permits 
free lubrication, lubrication is 
poorer than had the ball moved 
in that direction with pure roll- 
ing action. 


\ Ball motion sufficient 
\ for one 30° apex point 
—1l—-to touch one race and 
the other 30° apex to 
F, touch the other race. 






Ball motion not sufficient 
for one 30° apex point to 

- touch one race and other 
30° apex to touch the cther 
race. 


30° apex points touch 
(No cri cal sigr‘ficance) 


30° apex points touch 
opposite cliffs - ¢ of 
motion lacks lubrication - 
never touches 2Uv° grease 
streamers. 


f-motion ellipses overlapping 
than to - Overlap never 
lubricated - Totalization is 


of max. totalization shifts 
cliff to center of motion. 


SINTER 
/} \ End-of-motion ellipses overlapping 
G ri \, more than to€ - Very minute 
N amplitude = Point of max. stress 
j within zone of infinite totalization. 
Fig. | - Diagram of ellipses of ball contact with ball bearing races. Where 


G) races are starved of lubricant and 
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Fig. 1 shows different oscil] 
tory loading conditions. - 
the balls move far enough , fue 
carry lubricant from first t, tes 
second position and back. By 
where ellipses touch one anothe, 
or overlap, the races remain dry . 
free from lubricant - and failyy 
is swiftest. 

The hazard ratio for oscil |,. 
tory motion is so Ereat, the 
theory proved, that for equal 
abuse at these critical point, 
(where ellipses overlap) 


In “ar 


eng 


, /; with al 
rotational motion requires aboy 

a two-thirds load rating redy. cu 
tion. 


To use the catalog rating cor. 
rectly, first find the number of 
stress repetitions over a give, t! 
point and determine speed of cop. 
tinuous rotation duplicating the 
stress repetition condition. They 
reduce the rating at that speed 
to one-third its value. 

An admittedly severe sacrifice 
in load rating, it must be gp 
until some one can tell us hoy 
to overcome friction oxidation 
(Paper “Bearings in Action - 
Plague of Friction Oxidation," 
was presented at SAE Philadelphi: 
Helicopter Symposium, Dec. | 
1947. This paper is available ip 
full in multilithographed fors 
from SAE Special Publications 
Department. Price: 25¢ to men- 
bers, 50¢ to nonmenbers. ) 












Safety Fuels Perform 
Satisfactorily in Tests 


Excerpts from paper by 


W. J. SWEENEY, J. F. KUNC, JR 
W. C. HOWELL, JR. and 
0. G. LEWIS 


Standard Oil Development 


(This paper will be printed i 
full in SAE Quarterly Trans- 


actiong 


TESTS conducted to determi 
the knock-limited performance 
specific fuel consumption, 2m 
oil dilution characteristics 0! 
low-volatility aviation satety 
type fuels have shown that satis 
factory engine operation at warme® 
up conditions can be obtaine 
with fuels of this type. 
Multicylinder tests wer 


ru 
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in a Wright Cyclone R-1820-56 en- 
zine modified for direct cylinder 

fuel injection and compared with 

tests run in F-3, F-4, and C.U.T. 

a fuel ratings obteined in 
tests of the Wright engine and 
r.3 and F-4 engines are summar- 

sed in Table l, where both 
lean-mixture and rich-mixture 
ratings are expressed in terms 
>{ A-N Performance Number. The 
full-scale engine lean ratings 
are those determined at the 
point on the mixture response 
curves where the minimum knock- 

limited power output is obtained 
for the fuel (approximately 
065 fuel-air ratio), while 
the rich-mixture ratings are at 
both 0.09 and 0.10 ratios - the 
latter corresponding to the mix- 
ture strength normally used under 
take-off conditions with this 
engine. 

The low-volatility fuels ap- 
peared to have somewhat flatter 
mixture response curves than the 
regular-volatility fuels, and 
they reached peak knock-limited 
power at richer fuel-air ratios. 
This is illustrated by Fig. l, 
which compares typical knock- 
limited mixture response curves 
for conventional-volatility gaso- 
line and low-volatility fuels. 
Table ] shows that a number of 
the low-volatility fuel blends 
gave the same or higher power 
outputs than were obtained with 
the Grade 100/130 aviation gaso- 
line specified by the manu fac- 
turer for the R-1820 engine. 

The fuels tested were rated 
in substantially the same order, 
lean and rich, by the Wright en- 
gine and a single-cylinder C.U.T. 
engine equipped with a cylinder 
identical to those used on the 
nultacylinder engine, thus demon- 
strating the usefulness of the 
C.U.T. type of equipment for 
fuels quality evaluation. 


The knock- limited performance 
lata obtained show that whereas 
increasing the aromatic content 
of low-volatility fuel blends 
trom 20 to 50% results in improved 
trich-mixture performance, it 
markedly decreases the lean- 
mxture cruise rating. The advan- 
tage of using the highest possi- 
dle antiknock-quality aromatic 
concentrate is indicated, in that 
‘his reduces the antiknock re- 
jJulrement of the base stock 
necessary to make a given grade 

low-volatility fuel. 

Fuel consumption tests in the 
multicylinder Wright engine in- 
‘icate that, although the minimum 
orake specific fuel consumption 
‘s essentially the same under 
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Fig. | - Knock-limited mixture response curves for low-volatility fuel and 
aviation gasoline in Wright R-1820 engine 


Table 1 - Knock-Limited Performance of Fuels 


R-1820 Rating 
4 





t 
F/A=0.065 
SA 


F/A=0.09 
J 


F/A=0.10 
MX 





Aromatic, F-3/F-4 f 


Fuel % volume Rating 


Low Volatility Fuels 








LVF- 
1A 0 80/85 90 97 92 95 83 
6 0 110/120 lll 104 118 121 118 
124/149 141 133 151 144 156 
2B 20 104/146 107 110 122 129 125 
4 20 110/152 129 126 150 140 165 
S 20 117/170 138 132 ° 151 ° 
14 20 100/117 93 85 114 117 114 
8 20 106/136 123 121 132 141 129 
10 50 100/157 90 lll 152 ° ° 
9 50 104/165 95 109 160 ° ° 
ll 100 108/7170 127 128 . se ° 
Conventional Volatility Fuels 
CVF- 
1 7 76/97 92 - 96 105 96 
2 17 100/130 117 113 132 134 132 
3 10 115/145 132 136 148 152 147 


a 
a High blower ratio 


Low blower ratio 


No detonation encountered at full-throttle operation. 


ANE » ie \ 
Cruise’ Take-of Cruise’ Take-of Cruis®’Take-of 


87 
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138 


134 
147 


117 
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99 
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certain conditions for both low- 
volatility and conventional- 
volatility fuels at the 19,000 
Btu per lb net-heat-content level, 
it increases more rapidly for the 
low-volatility fuels as fuel heat 
content is decreased and as en- 
gine speed is increased. Consump- 
tion is as much as 1.5% higher 
for low-volatility fuels at 
18,300 Btu per lb and 2050 rpm. 
Multicylinder engine studies 
indicated that whereas under low- 
speed. low-temperature conditions, 


Finding Dynamic 


Based on paper by 
W. 
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DETERMINING dynamic loads and 
stresses of motor coach structures 
with electrical strain gages 
helps predetermine structural 
performance. This technique 
tells where weight can be re- 
moved safely. 

Instrumentation for this work 
must be reliable and stable. The 
resistance wire strain gage it- 
self is simply a device which 
changes electrical resistance 
in proportion to applied strain. 
(Changing the wire’s length and 
diameter, as in. the cartoon 
above, varies its resistance in 
proportion tothe strain applied. ) 

Used in conjunction with the 
gage are other pieces of elec- 
trical equipment, including a 
recording oscillograph which pro- 
vides recorded measurements of 


serious crankcase oil dilution 
(more than 12%) is experienced 
with low-volatility fuel, very 
low dilution (less than 1%) is 
obtained with conventional - 
volatility fuel. Under normal 
cruising conditions, however, 
only 4% dilution is obtained with 
low-volatility fuel, so that this 
problem should not be serious 
under ordinary circumstances. 
Although no specific investiga - 
tion was made of the engine start- 


ing characteristics of low- 


Loads in Coach Structures 


E. RICE R. O. ELLERBY 


GMC Truck & Coach Division 









volatility fuels, general 5} 
servation indicated that thi. 
would be somewhat of i heres. 
lem, particularly at low ambien: 
temperatures. (Paper “Py; 
Scale Engine Performance (Ch 
acteristics of Aviation Safety. 
Type Fuels,’ was Presented 4 
SAE Annual Meeting, Detroit. 
January 14, 1948. This pape; 
is available in ful] from Sap 
Special Publications Depart. 
ment. Price: 25¢ to members 
50¢ to nonmembers. ) 
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items such as load, 


displace- 
ment, and strain. 

One way in which this equip- 
ment is put to work is in a drop 
test to study damping and fre- 
quency characteristics of the 
suspension. At the same time, it 
permits evaluation of external 
acceleration - comparable to 
severe road shocks - at various 
structure and axle points. The 
test set-up is shown above. 

Cantilever bars are used here 
together with a single reducing 
linkage to keep maximum deflec- 
tion of the test bars within 
their elastic range. Long links 
are pinned to brackets, mounted 
on the wooden stand, and to short 
links connected to the body axle. 
The vehicle is raised by a chain 
fall connected to the axle bracket, 
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linked to the chain hook witha 
small diameter bar. Cutting this 
bar after the coach wheel is 
hoisted for a 3-in. clearance 
between tire and bar produces the 
sudden drop. 

Recording of the drop, above, 
traces movement of body and axle 
with respect to each other, 1! 
exact relationship to a commoi 
zero line. The lower two traces 
represent axle and body accelere 
tion. Line of tire deflection 
indicates the point at which the 
tire hit the floor. 

This record shows movement 
equivalent to severe road oper 
ating conditions. Actual verticé 
movement of the body and axle 


CONTINUED ON PAGE 85 
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| PPRERAICAL ower 
» PROGRESS 


Key, Moulding Standards 
Evolved by Body Group 


SAE Body Engineering Committee’s fertile 
Aa program recently bore its first fruit in 
ae m@ the form of a new standard on cylinder 
&, locks and keys and a recommended practice 
for mouldings and fasteners. Among other 
projects being cultivated by this group 


MENT 


= iy —., are a dimensional standard for windows 
*4| and acoustical material specifications. 
“dad taree The key and lock standard includes a 


definition of the key sets, nomenclature 
and dimensions, and a lubrication and 
cleaning procedure. 

According to the standard, the same 
key which operates the ignition switch 


tha | lock should operate the vehicle door 
this ; : locks, and is designated the Primary Key 
Be “i o a Set. A separate key should be used for 
‘ance : 


+ the 5 the luggage compartment lid and other 

“ locks on the car. But in no case should 
| there be more than three different keys 
i ta ckend § furnished. The new standard labels all 


ymmon - . = keys, other than the primary set, the 
races meee =6r Secondary Key Set. 
ae, Rie. For quick identification and uniformity, 


h the Z : the standard specifies a polygonal shape 

with flat faces and corners around the 

rim of the key bow of the primary set; 

esl e periphery of the bow for the secondary 

axle . | key set may be a rounded shape - such as 
2 an oval or clovercieaf. 

The Committee feels that prescribing 


key shape will help the driver quickly 
NAL 


AUGUST, 1948 73 


























ro ae 
¥ i oad 7 a 
= | +7 _ 14 p+ > 
, 
J + a 


7 


DOOR CYLINDER LOCK ASSEMBLY 


PAs pL 


V/ ‘a TW HH 
—_, : a ; 


Loitk 


a CY¥L/NDEf LOCK KEY 


Fig. | = Cylinder lock and key nomenclature developed by the SAE Body Engineer- 
ing Committee designates the following names for the above parts: A, plug; B, 


shell; C. 


latch; H, bitting; J. 


identify car keys, even in the 
dark. Such uniformity will be 
especially helpful to owners of 
more than one car, or to people 
who drive different cars. Al- 
though not all car manufacturers 
are furnishing keys conforming 
to the new standard, the Com- 
mittee feels these recommenda- 
tions will establish a pattern 
for future designs. 

The lock nomenclature deline- 
ated in the standard that all 
key-operated locks - such as 
those for ignition switches, 
doors, compartments, lids, and 
gasoline filler caps - be desig- 
nated “cylinder lock assemblies,” 
with the name of the specific 





brezel; D, key hole cover; E, joint; F, shaft: G, hole for shaft in 
arooving; K, blade; L, 


shoulder; and M, bow 


part preceding it - such as “door 
cylinder lock assembly.” 

Names for the principal lock 
and key parts given in the stand- 
ard are shown in Fig. 1. 

Before lubricating, it is ad- 
vised that the cylinder lock be 
washed with alcohol or gasoline. 
This can be done by removing the 
assembly and submerging it, or by 
blowing the alcohol or gasoline 
through with air. 

After cleaning, the lock should 
be lubricated with flake graph- 
ite - blown through the assembly 
with air or worked in with the 
key. Extremely coarse graphite 
with flakes average over ]/32 in. 
should not be used. 


Fig. 2 - New SAE recommended 
practice for mouldings ad- 
vises designers and drafts 
men how to specify the above 
dimensions. For example, a 
tolerance of + 0.010 is 
recommended for dimension A 








in the case of straight 
mouldings. Tolerances on same 
with bent mouldings is said 
to be inadvisable. And with 
snap-on type fasteners, mini- 


te 














mum dimension Cshould be 5/32 
in. with 0.020 or lighter 
metal specified for oval 
shapes. Dimension C should be 

BR held to 1/8 in minimum with 
"flat top” shapes 
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HOLE FOR 
SMAFT IN DIIR LATCH 


Also advised against are oj]; 
or greases leaving gummy residue. 
since it may impair lock action 
and collects harmful dirt ang 
grit. 

Second job completed by the 
Committee, the recommended prac- 
tice for mouldings and fasteners. 
defines types of fasteners and 
specifies tolerances for mould- 
ings. 

These are the four general type , 
of fasteners listed: 

1. Snap-On Type - Fastener is 
secured to panel first, then the 
moulding is snapped over the 
fastener. 

2. Slide-In Type - Fastener is 
assembled into the moulding by 
sliding it into place before it 
is snapped to the panel. 

3. Turn-In Fastener - Fastener 
is secured in moulding by turn- 
ing fastener into moulding be- 
fore being snapped to the panel. 

4. Bolt and Nut Type - Moulding 
is secured to the panel witha 
nut and bolt. 

Dimensional recommendations for 
mouldings are shown in Fig. 2 
The Committee feels they should 
be particularly helpful to drafts- 
men. 

Among the other Committee pro- 
jects reported by Chairman E. C 
DeSmet, Will ys-Overland Motors 
Inc. are: a body and sheet metal 
nomenclature; specifications for 

fiber, cardboard, and paper 
standards for window and door 
glass, window glass runways and 
channels, window regulators and 
inside door handles; and stand- 
ard tests for acoustical materi- 
als. The SAE group has establishe 
liaison with the Automotive VWeld- 
ing Committee of the Americal 
Welding Society which hopes to 
standardize automotive welding 
procedures. P. C. Johnson, Willys- 
Overland Motors, Inc., has bees 
appointed contact man, represent- 
ing the SAE Body Engineering ™ 
mittee on the AWS group. 
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SAE invited fo 
italian Auto Congress 


Ar Automobile international 
Technical Congress, sponsored by 
rhe Associazione Tecnica dell’ 


will be held in Turin, 


{utomobile 


Italy, during the period of the 
ist Salon de l’Automobile of 
jurin, September 25-28, 1948. The 


programof the meeting will feature 
technical papers on agricultural 
motorization; carburetion and in- 
eetion; body building; elec- 
trical equipment, fittings, 
brakes; and transport. SAE mem- 
bers are cordially invited to 
attend the Congress and to con- 
tribute papers or discussion. 
embers planning to attend are 
requested to so notify SAE Head- 
suarters, Twenty-Nine West Thirty- 
Ninth Street, New York City - 
Attention: Meetings Division. 





Steels and Screw Threads 
Changed in ‘48 Handbook 


p Distribution of the 1948 SAE 


Handbook to the membership has 
just been completed. Outstanding 
additions made to it are the 
completely revised SAE standard 
steel specifications and a new 
omprehensive screw thread sec- 
tion. Other important first-time 
automotive standards and speci- 
fications are included in this 
38th annual edition of the Hand- 
book, that contains 60 pages more 
than last year’s volume. 

some 72 new steel specifica- 
including 16 stainless 
have been added, while 
steels were removed from the 
steel standards listed in the 
1948 Handbook. Other fresh materi- 
al in the ferrous area published 
inthenew edition includes general 
information on pearlitic malleable 
‘ron castings, steel hardenability 
bands, and carbon steel. 

An expanded, easier-to-use 
screw threads section is featured 
in the 1948 Handbook forthe first 
‘ime. (It is also available in a 
Separate publication in 8 1/2 x 
‘Lin. format. ) Brought up-to- 
‘ate with American Standards de- 
velopments and those relating to 
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tions 


steels, 


1948 


the Anglo-American Screw Thread 


Unification Proposals, the new 
material is arranged to eliminate 
necessity of referring to sepa- 
rate tables for different thread 
series. 

The limiting dimensions of ex- 
‘ternal and internal threads in 
‘all pitches have been tabulated 
in sequence for each diameter, 
requiring reference to only one 
table for each class of thread. 

Among the other new standards 
SAE members will find in the 1948 
Handbook are: 

e Preignition Rating of Spark 
Plugs; 

e Preventive Maintenance and 
Inspection Procedure; 

(This provides a broad, flexible 
basis for periodic maintenance of 
all kinds of automotive vehicles. ) 

e Lighting Specifications for 
Back-Up Lamps, Parking Lamps, and 
Sealed Beam Unit Rings; - 

e Automotive Filler, Drain, and 
Pipe Plugs; 

e Tractor Drawbar (Track Type). 

Many existing standards have 
been brought up-to-date. For ex- 
ample, storage battery specifica- 
tions have been streamlined and 
modified. And the addition of 20 
new washer sizes is another of 
the more than 50 expansions and 
revisions made during the last 
year. 

Members can get additional 
copies of the 1948 SAE Handbook 
from SAE Special Publications De- 
partment for $5.00 each; price to 
nonmembers is $10.00. 


Tool Steel Classifications 
Tackled by SAE Committee 


POSSIBILITY of identifying and 
classifying tool steels for the 
metallurgically-untrained in in- 
dustry - such as tool makers, 
tool room foremen, and commercial 
heat treaters - is being explored 
by the SAE Iron & Steel Technical 
Committee’s Non-Productive Steels 
Division. 

A simple listing of this kind, 
the Committee members feel, would 
minimize costs, inconvenience, 
and confusion - from manufacture 
of the steel to heat-treatment of 
the finished tool. In preliminary 
discussions, it was pointed out 
that such classification holds a 
two-fold advantage. First, it 
would provide users with more 
knowledge of advantages and limi- 
tations of these steels. Second, 
it would promote more accurate 
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and skillful heat treatment. 
Committee member A. O. Mason, 
Ternstedt-Fisher Division, GMC, 
visualizes a tool steel breakdown 
into these six general classes: 
1. Water Hardening Tool Steels, 
2. Oil Hardening Tool Steels, 
3. Air Hardening Tool Steels, 
4. Tool Steels for Severe Cold 
Impact Applications, 
Hot Work Tool Steels, and 
High Speed Tool Steels. 


nur 


Committee Personnel 


Appointments to technical com- 
mittees recently confirmed by the 
SAE Technical Board include: 

e R. B. Hooper, Chrysler Corp., 
will serve as SAE representative 
on ASTM Committee E-3 on Chemical 
Analysis of Metals. 

e H. A. Werme, New England Screw 
Co., now is member-at-large on 
SAE-sponsored ASA Sectional Com- 
mittee B18 - Bolts, Nuts, Rivets, 
Screws, and Similar Fastenings. 

e C. O. Durbin, Chrysler Corp., 
succeeds J. L. McCloud, Ford 
Motor Co., as SAE representative 
on ASTM Committee A-5 on Corro- 
sion of Iron and Steel. 

e L. M. DeTurk, ACF-Brill Motors 
Co., has been named a member of 
the Highway Research Board’s Com- 
mittee on the Economics of Motor 
Vehicle Size and Weight. 

e V. C. Speece, White Motor Co., 
succeeds A. H. d’Arcambal, Pratt & 
Whitney, as an SAE répresentative 
on ASA Sectional Committee B-5 on 
Standards for Small Tools and 
Machine Tool Elements. 

e T. A. Weiss, Jr., Republic 
Aviation Corp., recently accepted 
the chairmanship of the SAE Air- 
craft Electrical Equipment Com- 
mittee. 
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E..S. MacPherson, Executive Engineer 
of the Ford Motor Co., has been ap- 
pointed as an SAE representative on 
CRC Governing Board to replace W. S. 
James 
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Members and guests of the SAE Lighting Committee participated in demonstration 
of flash-type directional signals for trucks and warning signals for school 
buses at the General Electric Nela Park Laboratories 





Establish Signal Light Needs 


For Trucks 


TENTATIVE agreement on design 
of truck directional signals (of 
the flashing type now offered as 
regular equipment for passenger 
cars) was reached at the last 
meeting of the SAE Lighting Con- 
mittee. School bus signals also 
were discussed. Demonstrations 
at General Electric’s Nela Park 
Laboratories immediately pre- 
ceding the meeting helped clarify 
points in both areas. 

Among the optical requirements 
tentatively deemed necessary for 
experimental design of direction- 
al signals for trucks were the 
following: 


1. Signal lamps should provide 
plain illuminated areas (no arrows 
or wording required). 


2. Minimum exposed luminous 
area should be 12 sq. in. 


3. This type of truck signal 
should be used on vehicles 80 in. 
or wider, on vehicles requiring 
side-marker lights, or where hand 
signals cannot be seen. 


4. Signal lamps should show 
red to the rear, amber to the 
front - with colors conforming to 


and School 


Buses 


the SAE color specification. 


5. The red signal lamps should 
have 35 cp minimum at the H-V 
point. (It was agreed not to spe- 
cify a maximum.) It also was 
agreed that within the vertical 
angles 5 deg up and down and the 
horizontal angles 10 deg right 
and left, the minimum candlepower 
should be 25. A minimum of 10 cp 
was felt necessary within vertical 
angles “10 deg up and down and 20 
deg right and left. Amber signal 
lamps are to provide four times 
the candlepower values agreed upon 
for red. 


6. Rate of flashing should be 
between 60 and 120 flashes per 
min. 

Turning signal demonstrations 
at the General Electric Automo- 
tive Lighting Laboratory, organ- 
ized by a subcommittee under the 
chairmanship of P.J. Kent, Chrysler 
Corp., aided the Committee in 
reaching some of these decisions. 

For example, most of the 36 
engineers witnessing the demon- 
strations felt that wording or 
arrows on both red and amber 


76 































lamps were hardly visible at 
ft in daylight, and even legibi 
ity at night at this distance was 
questionable. At 300 to 50! 
arrows or words blotted out wha 
could have been illuminated area 


Different shaped and size 
openings also were tried, wit! 
almost unanimous preference voiced 
for a 4-in. diameter circula! 
opening. Other daylight tests 
showed that red signals are more 
easily seen than amber ones, w! 
less the amber signal has co! 
siderably more beam candlepower 


SCHOOL BUS SAFETY 


The problem of warning lights 
for school buses stems from the 
fact that an increasing number 0! 
states require all traffic, 
both directions, to stop when 4 
school bus stops to discharge ©! 
pick up pupils. Although painting 
school buses chrome yellow faci- 


litates daylight identification 
signal lamps must supplement this 
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and must also serve for night- 
time identification. 

School authorities in some 
states already are moving in the 
jirection of requiring flashing 
type signals on school buses. 
Work of the Committee 1s aimed at 
sromoting uniformity of these re- 
“yirements among the states. 
Current thinking among the con- 
ferees has it that the school 
bus warning signal specification 
should conform to requirements 
set up for the truck directional 
signal, except that both the front 
and rear lamps should flash alter- 
nately, each to flash 60 to 100 


qu 


times per min. 

The Nela Park demonstrations 
impressed the group with the ef- 
fectiveness of flashing lamps on 
each side of the vehicle as a 
school bus signal. It was gener- 
ally felt that this would be an 
easily understood signal, defi- 
nitely distinguishable from the 
jirectional signal where only one 
light is flashed. 

Another item_up for Committee 
consideration 1s a proposal to 
revise optical values for Class A 
reflex Reflectors now specified 
in a SAE Recommended Practice. 
This matter was tabled pending 
further standardization of a 
nethod for determining these 
values. 


Tech Board To Move Up 
Hondbook Publication Dote 


Anew plan is being put into 
notion to speed up publication of 
the SAE Handbook, beginning with 
the 1949 edition. 
Waiting for reports and material 
in process of approval for the 
llandbook at and after publication 
deadline has been a chief source 
of delay. Under the new arrange- 


p ment, last material tobe accepted 


for publication will be approved 
by the SAE Technical Board at its 
meeting during the SAE Annual 
Meeting. Such reports must be in 
the Board’s hands at least two 
weeks before the meeting. 

This arrangement, the Technical 

ard feels, will give its stand- 
‘rds-making groups a definite 
feadline to work to in preparing 
material planned for the succeed- 


‘ng year’s Handbook. 


WUGUST, joy 


SAE Group Named 
To Help Ordnance 


SAE Ordnance Technical Committee 
has been established to assist 


the Army on postwar ordnance prob-- 


lems where the Army feels the 
need for cooperative work among 
automotive engineers. 

An outgrowth of an SAE Tech- 
nical Board study undertaken 


committee is: Chairman, J. M. 
Crawford, General Motors Corp.; 
B. B. Bachman, Autocar Co.; L. R. 
Buckendale, Timken-Detroit Axle 
Co.; C. BE. Frudden, Allis-Chalmers 
Mfg. Co.; E. S. MacPherson, Ford 
Motor Co.; and J. C. Zeder, 
Chrysler Corp. 

The new committee provides a 
permanent agency for continuation 
in peacetime of the type of co- 
operation with Ordnance which, 
during World War II, won for SAE 





shortly after World War II ended, 


the first Ordnance Distinguished 
personnel of the new standing 


Service Award. 





Technigrams. . . 





COLORED WASHERS: In developing a standard for washers, the SAE En- 
gine and Propeller Utility Parts Committee 1s considering the use of 
dyes as a means of identification. Colors such as green, brown, and 
black could be used, said some of the Committee members, to distin- 
guish between constant quality engine and propeller washers being 
developed by the Committee and regular AN 960 washers. Notching or 
circumferentially grooving washers for identification was considered 
impractical and too expensive. 


FASTENER NOMENCLATURE: The big job of developing a glossary of 
terms for all kinds of mechanical fasteners, to give mechanical 
industries a much needed “dictionary” on these parts names, has been 
undertaken by ASA Sectional Committee B18 on the Standardization of 
Bolt, Nut, and Rivet Proportions. In addition to word definitions, 
this treatise will include sketches and dimensional ranges of the 
various types of mechanical fasteners. The group is sponsored by SAE 


and ASME. 


WELDING DRAFTING: A new section planned for the SAE Aeronautical 
Drafting Manual will show ways of indicating on drawings all phases 
of aeronautical welding - such as spot, seam, arc, and gas welding. 


PLANE AIR CONDITIONING: First of a four-part series entitled *Air- 
plane Air Conditioning Engineering Data, was just published by the 
SAE Aircraft Air Conditioning Equipment Committee. This first publica- 
tion, Aeronautical Information Report No. 22, Properties of the Atmos- 
phere, contains NACA standard atmosphere tables and data, summer 
atmosphere tables, and charts on moisture content of the atmosphere 
at different altitudes. Other reports for this series now in process 
are Fluid Dynamics, Heat Transfer, and Thermo Dynamics. 


STOPPING CORROSION: The SAE Iron & Steel Technical Committee re- 
cently undertook a new program to study ways of preventing corrosion 
of iron and steel. The iob is being broken down into these six groups: 
(1) Electroplating, (2) Hot Dip and Metallic Coatings, (3) Organic 
Coatings (paints, enamels, lacquers), (4) Temporary Coatings (oils, 
plastic dips, chemicals), (5) Chemical Surface Coatings, and (6) 
Ceramic Coatings. Work on organic, chemical, and ceramic coatings will 
be carried on jointly with the SAE Non-Ferrous Metals Committee for 
protection of both ferrous and nonferrous metals. 
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Two former Air Force Generals, Major General Robert 8B. 
Williams, center, and BRIGADIER GENERAL HAROLD R. HARRIS, left, 
now executives of American Overseas Airlines, recently received 
high British military decorations from Sir Francis Evans, 


right, British Consul General. 
parts of a group of 36 American citizens who received British 
military and civil awards during presentation ceremonies held 


aboard R.M.S. Brittanic 


The two AOA officials were 








ROGER MAHEY is automotive editor 
of the Los Angeles News. Leaving 
the SAE headquarters staff where 
he was assistant manager, Member- 
ship and Sections Division, to 
make his home on the Pacific Coast, 
Mahey was immediately pressed in- 
to service as an active member 
by Southern California ‘Section. 
Coincident with taking up his 
duties on the LA News, he has 
been named publicity chairman by 
the Section. 


DR. JAMES (JIMMY) H. DOOLITTLE. 


was recently named a member of 
the National Advisory Committee 
for Aeronautics by President 
Truman. 


Prior to becoming lubrication 
sales engineer with the Sinclair 
Refining Co. in New York City., 
GEORGE E. KELLIS was an auto- 
motive engineer with the Rich- 
field Oil Corp. of New York, same 
city. 


Previously a manufacturer of 
farm implements in acompany under 
his own name, OLIVER W. INSKEEP 
1s now consulting mechanical 
engineer for Thompson Sage, Inc., 
Stockton, Calif. 


No longer district manager of 


Thompson Products, Inc., Cleve- 
land, Ohio, HOWARD T. EATON, 
JR., has become advertising 


solicitor of the Curtis Publish- 
ing Co., same city. 


Now president and manager of 
Hilligoss & Son, Inc., Shelby- 
ville, Ind., DONALD G. HILLIGOSS 
had been quality engineer , Thompson 
Products, Inc., Cleveland, Ohio. 


JOSEPH R. BENGOECHEA, form- 
erly natural gas engineer with 
the Federal Power Commission, 
Washington, D. C., 1s now mech- 
anical engineer for the Army Air 
Materiel Command, Wright Patter- 
son Field, Dayton, Ohio. 


JAMES E. WASEM, JR., re- 
cently accepted a position with 
the Research & Development De- 
partment of the Socony-Vacuum 
Laboratories at Paulsboro, N. J., 
as a mechanical engineer in re- 
search and development. He had 
been a mechanical engineering in- 
structor and graduate student 
with the University of Delaware, 
Newark, Del. 
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THOMAS N. KELLY, newly ap. 
pointed assistant vice-chairma; 
of the Aeronautics Activity fo, 
the Detroit Section has accepted 
a position as chief engineer and 
assistant general manager of the 
Smith-Morris Co. in Ferndale 
Mich. This company manufactures 
aircraft exhaust systems. Kell, 
was previously project engineer 
in charge of ram-jet powerplants 
for Continental Aviation & Engi- 
neering Corp. 


Recently joining the Nati 
Advisory Committee for Aeronau- 
tics, Aircraft Engine Hesearch 
Laboratory asa research engineer 
JOSEPH FRANK SLOMSKTI had beer 
a test engineer for the Labora- 
tory Equipment Co. in Mooresville 


Ind. 


HOWARD JARMY, now develop- 
ment engineer with Boeing Air- 
craft Co. in Seattle, Wash., hac 
been research assistant on noist 
reduction and vibratior 
Illinois Institute of Technology 
Chicago. 


GEORGE W. MASON has beenelect- 
ed chairman of the board of the 
Nash-Kelvinator Corp. Since the 
merger of Nash Motors Co. wit! 
Kelvinator Corp. in 1937, Mason 
has supervised the operating 
management of the corporatiol 
Prior toe the merger he had beer 
president and chairman of tie 
board of Kelvinator. 

Mason will continue to serve ® 
president of Nash-Kelvinator Wo? 


Now district manager of Nest 
Texas and New Mexico for Ruse 
Engine & Equipment Co., a subsi¢ 
iary of the Buda Co., Harve 


Il1., JOHN WALLACE HUGHES hee 
been service manager for this 


company. 
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Heretofore field service mana- 
ger for Standard Brands, Inc. in 
Philadelphia, Pa., ALFRED E. 
TOWNSEND recently became divi- 
sional supervisor forthe Atlantis 
Sales Corp., same city. 


CARL DOLAN is executive direc- 
tor of the Joint Congressional 
Air Policy Board in Washington, 
US a 
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The appointment of HAROLD F. 
HAMMOND as manager of the Trans- 
portation & Communication Depart- 
nent has been announeed by the 
). S. Chamber of Commerce. He was 
formerly affiliated with the 
\merican Transit Association and 
has been assistant managerof 
"S0C’s Transportation & Communi- 
cation Department since April, 
1947. 


HARRY R. RICARDO, chairman and 
technical director of Ricardo & 
Co. of England, writing in the 
May-June issue of the Journal of 
Associazione Tecnica dell’ Auto- 
mobile of Italy, concludes that 
“the fuel outlook is becoming 
painfully clear and the engine 
which will survive will be that 
vlich can best digest the much 
more difficult fuels which will 
beourportion.” The distinguished 
sclentist points out that inGreat 
Britain the rapidly extending use 
of the gas turbine for aircraft 
constitutes a serious drain on 
lwindling supplies of middle dis- 
tillates, more especially the 
lighter diesel fuels and kero- 
senes. “It seems,” he says, “that 
in the near future we shall have 
to cope with fuels of low vola- 
tility, poor ignition quality 
low cetane value) with high ash 
content, and which, on account 
of their high viscosity, will be 
much more difficult to filter ef- 
licientl y.” 


FREDERICK C. BRANDT has opened 
‘n engineering service of pro- 
fessional engineers in North 
lollywood, Calif. It is going to 
serve the San Fernando Valley 
and Los Angeles in product re- 
search, tool and machine design 
na consulting and engineering 


an 


capacity. One of his partners is 


HUGO FRIES. formerly of Detroit. 


AUGUST, 1948 


JOSEPH E. PADGETT was recently e- 
lected vice-president and a member of the 
board of directors of Solar Aircraft Co. 
where he has been director of manufactur- 
ing for about a year. An SAE Past Vice- 
President, Padgett is now in the midst of 
an expanding program in the manufacture 
of hightemperature parts for jet engines. 


WALTER W BISHOP, former industrial 
relations consultant in New York and war- 
time personnel director with Wright Aero- 
nautical Corp., Paterson, N. J., has been 
appointed to take charge of the Piasecki 
Helicopter Corp. industrial relations ac- 
tivities. 


LERUY R. GRUMMAN, chairman vf the 
board of Grumman Aircraft Engineering 
Corp., has been awarded the 1948 Daniel 
Guggenheim Medal for “outstanding achieve- 
ment in successfully advancing aircraft 
design both for Naval and peacetime use.” 


KARL K. PROBST has resigned as chief 
engineer of Reo Motors, Inc. Lansing, 
Mich., and plans to engage in development 
and consulting work next autumn. Probst 
has been with Reo for over three years 
and layed out the post-war program for 
vehicles that are now all in production 
or on test. 


GEORGE W. DAVIES has been appointed 
general sales manager of the Sealed Power 
Corp. Having been in the employ of this 
company for the past 14 years, he was 
formerly sales manager in charge of the 
original Equipment Piston Ring Division. 
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CLARENCE E. DAVIES, national secretary 
of the American Society of Mechanical 
Engineers, has been given the honorary 
degree of Doctor of Engineering by Clark- 
son College of Technology, Potsdam, N. Y. 
Davies has been associated with the ASVE 
since 1920, becoming its national secre- 
tary in 1934. 


PAUL C. JOHNSON has been named execu- 
tive vice-president of Sealed Power 
Corp., Muskegon, Mich. Johnson has been 
vice-president in charge of sales since 
1941 and has been with Seaied Power since 
1929. In his new post he succeeds NEIL 
A. MOORE, who resigned as vice-presi- 
dent and general manager after serving 
Sealed Power for 24 years. 


BRIGADIER G. MacLEOD ROSS, of the Brit- 
ish Army, recently received the Legion of 
Merit, Degree of Officer, by the Presi- 
dent of the United States for “ excep- 
tionally meritorious service to this 
government.” 


EDWARD C. DITZEN, formerly production 
engineer for lnited Engineering Co., San 
Francisco, has been promoted to chief 
engineer of that firm. He assumes overal] 
responsibility for the engineering of the 
company’s diversified line of products. 
Ditzen was previously a design engineer 
for Sterling Engine Co., Buffalo, N. Y. 




































CAPT. EDDIE RICKENBACKpp 
president of Eastern Airling. 
will address the opening segq,, 
of the Illinois State Chamber ot 
Commerce Aviation Conference a 
Peoria, Ill., Aug. 5-6. Objectiy. 
of this conference, which ¢h, 
State Chamber intends ah. 
annual institution in Shine, 
will be to marshal opinion on th, 
future of aviation, to discys, 
problems and policies, and, 
clarify plans for the future »: 
aviation in Illinois and th, 
nation. 


MAURICE BENTON, previous), 
connected with Jorgensen ; 
Schreffler, Miami, Fla., has ac. 
cepted a position as mechanic; 
engineer withMaurice H. Connel] ¢ 
Associates, same city. In his 
new post he designs air condi. 
tioning and heating systems fo; 
commercial and residential build. 
ings. 


Now affiliated with the Western 
Ford Motor Coach Sales Co., Inc 
in Seattle, Wash., EVAN § 
PRICHARD had been with Tri- 


coach Co., Inc., same city 


. 


Previously assistant project 
engineer with Wright Aeronautica! 
Corp. in Wood-Ridge, \N. J. 
HERRERT H. HOWELL has now be- 
come associate engineer for the 
Applied Physics Laboratory of the 
Johns Hopkins University 
Silver Spring, Md. 























Recently graduated from the 
Case Institute of Technology in 
Cleveland, R. E. LUECHT has 
become a project with Newport 
Industries, Inc. in Pensacola, 


Fla. 


GORDON K. STEBBINS is now 
general manager with the Charles 
A. Lampard Co. inStratford, Conn. 
His duties include the management 
of business and technical affairs 
of the company. 


In recognition of nis company’s 
efforts to promote the interests 
of humanitarianism as applied to 
animals, DAVIDA. WALLACE, presi- 
dent of the Chrysler Division, 


was recently given a plaque by 


the American [humane Society at a 
dinner in Detroit. 








Demonstrating the Vari- 
matic, asmall-scale mod- 
el propeller which he in- 
vented, is JOHN WAUGH, 
Koppers Co., Inc., Balti- 
more. He shows the two 
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extreme positions which 
the propeller assumes. 
The prop he is holding 
is inhigh pitch position 
and the prop mounted on 
the gas engine is in low 
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The Book “Supercharging the 
Internal Combustion Engine,” by 
E T. VINCENT, Consulting En- 
pineer, Continental Aviation 
and Engineering Corp., just was 
published by the McGraw-Hill 


Book Co., Inc. Concerned with 
automotive, diesel, and aircraft 
engines, this treatise spells out 
supercharging theory and gives 
design analysis techniques. It 
also makes a practical evaluation 


of current types of superchargers 
and describes their principle of 
operation. 


CONTINUED ON PAGE 90 
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DR. GEORGE W. LEWIS 
One of the world’s leading 
authorities in aeronautics, and 
the man chiefly responsible for 
maintaining the National Advisory 
Committee for Aeronautics a strong 
research establishment through 
the years, Dr. George W. Lewis 
jied July 12 at his summer home 


at Lake Winota, Pa. 
He served as an SAE vice-presi- 
lent in 193] and again in 194], 


and was an SAE councillor for the 
1933-34 term. He was chairman for 
many years of the long-active 
SAF Research Committee, and served 
several terms as chairman of the 
SAE Publication Committee. 

A graduate of Cornell in 1908, 
he instructed in engineering and 
btained hismaster’s degree there 
two years later. He was professor 
f mechanical engineering at 
Swarthmore College from 1910 to 

Two years later he became execu- 
tive officer of the World War I- 
born NACA when it had asmall wind 
tunnel and 16 employees. Last 
August, when he retired as direc- 
tor of research to become NACA 
top consultant, the research or- 
galization represented a govern- 
ment investment of nearly $100 
million, and had more than 6000 
employees in three laboratories 
which were equipped with 40 wind 
tunnels, several of which are the 
world’s most advanced in design. 

le is personally credited with 
development of the variable- 
lensity wind tunnels, refriger- 
ated free flight wind tunnels, 
and the supersonic speed tunnels. 
‘as early engineering work was on 
the Roots supercharger for air- 
craft engines. 

A former president of the Insti- 
tuteofthe Aeronautical Sciences, 
amember of the National Academy 
oi Sciences, he was also a member 
of many technical and scientific 
“eanizations , and was the 1936 
wuggenheim Medalist. He had been 
ronored by several foreign coun- 
‘Tles and universities. 


AUGUST, 94g 


LAWRENCE B. JACKSON 


One of the nation’s distin- 
guished authorities on diesel en- 
gine design, Lawrence B. Jackson, 
who retired a year ago as direc- 
tor of engineering of the Diesel 
Division of American Locomotive 
Co., died on July 4 at the age of 
63 inhis home in Schenectady,N. Y. 

A graduate of Stevens Institute 
of Technology, Jackson was respon- 
sible for equipping the first 
diesel engine tankers for the 
Texas Co. Then for 18 years he 
was in charge of the development 
of the Fairbanks, Morse high 
speed diesels for submarines and 
other installations. He was mana- 
ger of engineering of the Beloit 
Co. 

For the five years preceding 
his retirement he directed the 
diesel engineering at American 
Locomotive Co., and was respon- 
sible for the powerplants of many 
modern streamlined trains. 


A. K. BRUMBAUGH 


A. K. Brumbaugh died in his 
home at Palo Alto, Calif. on June 
29. He was in his 64th year. 

Few members had a wider ac- 
quaintance throughout the Society 
than “Brummy,” who was the warm 
heart of innumerable SAE gather- 
ings and events. He played many 
roles in SAE during his 32 years 
of membership. He twice served 
the Society as a Vice-President - 
for Production in 193] and for 
Truck @& Bus in 1934. He was 
once chairman of the Truck Divi- 
sion of the SAE Standards Com- 
mittee and served also in the 
Storage Battery Division. In 
1932 he was chairman of the 
Sections Committee. He was chair- 
man of the old Pennsylvania (now 


Philadelphia Section) in 1919- 


1920. He had been nominated for 
the 1927-1928 chairmanship when 


8! 


he moved from the engineering 
duties which had occupied him at 
Autocar Co. since 1915 to join 
White Motor Co. in Cleveland as 
commercial engineer. 

The later years of his life 
were spent on the Pacific Coast 
where, after aperiod with Timken- 
Detroit Axle Co., he became in- 
terested in design and manufac- 
ture of specialty, heavy-duty 
trucks as vice-president of en- 
gineering of the Knuckey Truck 
Co. at San Francisco. 

He was a football star at Lehigh 
University, where he graduated in 
1909 in electrical engineering. 
Between graduation and his join- 
ing Autocar he worked on develop- 
ment of electric vehicles at 
Westinghouse and was in charge 
of transportation problems for 
Consolidated Gas & Electric Co. 
in Baltimore. 

He is survived by a wife, one 
son and one daughter. 


E. D. JOHNSON 
While traveling from St Louis 
to Allentown, Pa. on June 7, E.D. 


Johnson was critically injured in 
a train wreck, and passed away as 
a result of those injuries gn 
June 19. 

At the Columbus, Ohio, depot 
the sleeping car in which he was 
riding left the tracks and side- 
swiped the engine of another 
train waiting to pull into the 
station. Firemen worked for more 
than an hour to free him from the 
wreckage. 

Johnson was 45 years old and at 
the time of his death was in 
charge of automotive road testing, 
as well as application engineer- 
ing of all passenger car and 
truck braking equipment for the 
Wagner Electric Corp., St. Louis, 
Mo. He had been with this company 
since 1926. 
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TRACTOR and DIESEL ENGINE MEETING 


Hotel Schroeder, 


sept 7-9, 1948 


TUESDAY 
9:30 A.M. 


A. W. POPE, Jr., Chairman 
Studying Diesel Combustion with 
the Cathode Ray Indicator 

-W. C. HADLEY, J. R. HUDNALL 
and A. E. TRAVER, Socony-Vacuum 
Oil Co. 


A Railroad Diesel Engine Improve- 
ment Based on Study of Combustion 
Phenomena and Diesel Fuel Prop- 
erties. 

-H. W. BARTH, F. A. ROBBINS and 
H. C. LAFFERTY, Electro-Motive 


Division, General Motors Corp. 


(Sponsored by Diesel Engine 
Activity) 
12:00 Noon Special Luncheon 


FIFTH FLOOR - BANQUET ROOM 


For time saving and convenience, 
the Hotel Schroeder has arranged 
to serve special luncheons, 
Tuesday, Wednesday, and Thursday, 
September 7-9, in the Banquet 
Room located on the fifth floor. 
This will permit those attend- 
ing afternoon sessions to be 
there promptly at 1:30 P.M. 


Tickets will be on sale - fifth 
floor foyer. PRICE $1.75 EACH 


1:30 P.M. 


W. F. JOACHIM, Chairmen 
Fuels for Automotive and Rail- 
oad Diesel Engines 

-J. J. BROEZE and C. STILLEBROER, 
“Delft” Laboratory, Royal Dutch 


She 11 


Influence of Fuel Composition on 


Milwaukee, Wisconsin, 


Deposit Formation in High Speed 
Diesel Engines 
-H. M. GADEBUSCH, Detroit Diesel 


Engine Division, General Motors 
Corp. 


(Sponsored by Diesel Engine 
Activity) 


8:00 P.M. 


H. L. RITTENHOUSE, Chairman 
The Relation of Rated Capacity 
to Pay Yards, in Earthmoving 
Equipment 

-D. K. HEIPLE, R. G. LeTourneau, 


Inc. 


(Sponsored by Construction Indus- 
trial Machinery Technical Com- 
mittee) 


WEDNESDAY 
9:30 A.M. 


L. D. THOMPSON, 


Chairman 


Cylinder and Piston Ring Wear 
in Diesel Engines 
-J. W. PENNINGTON, 
Tractor Co. 


Caterpillar 


(Sponsored by Diesel Engine 
Activity) 


1:30 P.M. 


W. H. WORTHINGTON, Chairman 
Application of Hydraulic Trans- 
missions 

-R. M. SCHAEFER, Allison Divi- 
sion, General Motors Corp. 


Planetary Transmissions for Agri- 
cultural and Industrial Tractors 
-H. W. SIMPSON, Consulting En- 


gineer 


(Sponsored by Tractor and Farm 
Machinery Activity) 
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THURSDAY 
9:30 A.M. 


| 
| 


C. E. FRUDDEN, Chairman 
Discussion of Power Losses i 
Tractor Engines 
-H.T.MUELLER and K.L. PFUNDSTEIy 
Ethyl Corp. 


More Effective Utilization 9: 
High Octane Fuels 
-A. T. COLWELL, Thompson Proj. 


ucts, Inc. 


(Sponsored by Tractor and Far, 
Machinery Activity) 


reo 


1:30 P.M. 


C. A. HUBERT, 


Chairman 







Tractor Tire Testing Machine 
-J. W. SHIELDS, United States 
Rubber Co. 


Design and Power Requirements 
Rotary Tillers 

-L. E. LURA, 
Co. 


Lavers Engineering 


(Sponsored by Tractor and Fare 
Machinery Activity) 


DINNER 


7:00 P.M. Bal lroor 


G. W. CURTIS and H. F. BRYAN 


Co-Chairmen 


F. G. SHOEMAKER, Toastmaster 
R. J. S. PIGOTT, SAE President 
FUTURE POWERPLANTS FOR TRAC- 

TORS AND ROAD MACHINERY 
c. G, A. ROSEN, Director 


Research, Caterpillar Tractor 


FRIDAY 


September 
10:00 A.M. Ozaukee Country 
SAE Milwaukee Sectior 
Annual Golf Tournament 
SAE Members and Guests atten¢ 
the meeting are cordially invite 
to stay over and attend. 
6:30 Ds 
Awarding of prizes 38 00 P.M 
Igor Kamlukin - Entertainmen' 


Chairman Allis Chalmers 
tor Division. 
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Discussing trends in passenger 

styling, W. Everett Miller 
ed that while European 
esigns accent sport and American 
utility, European 
are setting American car 


mmer 


jeslgns alm at 
Jesigns 

CANADIAN Section resumed its 

ial golf tournament, suspended 
ince 1942 because of the war, at 
the Kitchener Golf and Country 

with the V. F. Goodrich and 
fominion Rubber Companies acting 
wea 

Past Chairman Jim Armer won the 
Tiny Huston Memorial 
rophy, provided by Past-Chairman 
for competition 
nong the Section’s Past Chairmen. 

members and guests en- 
ved golf and dinner in spite of 
thunder showers. 

Canadian Section’s Governing 
foard has decided to proceed with 
publication of a roster of Cana- 
llan members. 

BRITISH COLUMBIA Group’ s 
Past Chairman Phil Schrodt out- 
lined the history of the Society 


Section 


Xobert Combs 


New officers of the Student Branch 


at NorthrOp Aeronautical Institute 
receive congratulations from Insti- 
tute Director James L. McKinley. 


With Faculty Advisor M.V. Christman, 
left, are H.0. Spaulding, Secretary; 
T. R. Gensel, Treasurer; W.G. Smith, 
Elliot, Chair- 
has the 


Vice-Chairman; R. G. 
man; 


and McKinley. NAI 
largest Student Branch 
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at the June 1] election meeting. 
The Group is proud of its member- 
ship standing: 82 members and 20 
applicants. 

At the April meeting, WESTERN 
MICHIGAN Section heard Lt. Col. 
J. B. Fornasero discuss wartime’ 
and peace time flying. Speaker at 
the May Meeting was Albert H. 
Deimel, who talked on torque con- 
verters. 

Three Student Branches con- 
tinued activities until almost the 
end of the semester. University 
of Colorado Branch heard Ray 
Kelly compare the reciprocating 
engine with various jet engines. 
He listed a number of reasons why 
turbojets and turboprops will not 
be in general use for some time: 
Their development has not reached 
airline standards of safety and 
reliability. 

Their enormous fuel consumption 
would require that aircraft be 
dispatched and landed exactly as 
scheduled. Turboprop controls are 
especially complex. These are 
some of the problems that give 
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opportunities for the new crop of 
engineers to make real contribu- 
tions to technical advancement, 
he said. 

Enrollees at the Northrup Aero- 
nautical Institute Branch took a 
trip to McCulloch Motors at Los 
Angeles to inspect production 
lines turning out engines for 
power saws and lawn mowers. At 
the May 26 business meeting, the 
treasurer reported that 
exceed $100. 

Members of the General Motors 
Institute Student Branch have 
toured General Motors Proving 
Grounds at Milford, Michigan, 
visiting all the shops and labo- 
ratories as well as 
road system 

Finding the best product to do 
the job was the theme at a number 
of recent Section meetings, one 
on fuels for light planes and 
others ontrucks, gear lubricants, 
and passenger cars. 


funds 


touring the 


CONTINUED ON 
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SAE Section 
Chairmen 


ARMSTRONG 
of Canadian 


Ed Armstrong started on his way 
to becoming Chief Engineer of 
General Motors of Canada by join- 
ing the company’s engineering de- 
partment at Oshawa just after he 
was graduated from the University 
of Toronto in 1922. In 1928, he 
became Resident Engineer at the 
Walkerville plant, which was then 
producing axles, trucks, and buses. 
Three years later, he returned to 
the Oshawa plant, and in 1938 was 
appointed Chief Chassis Engineer. 

His appointment as Assistant 
Chief Engineer came in 1946, and 
it was two years later that he was 
named Chief Engineer. 

During World War II, Ed, work- 
ing closely withAlbert A. Maynard, 
then Chief Engineer of GM of 
Canada, labored prodigiously to 
further production for Canadian 
and Allied armed forces. (Maynard 
had been Chief Engineer of the GM 
plant at Opel, but he managed to 
escape Germany at the outbreak of 
hostilities. ) 

Besides serving as 1947-1948 
Section Chairman, Ed was Section 
Vice Chairman in 1946-1947, and 
earlier had been Oshawa Regional 
Vice Chairman for two years. 

Ed is ver-r-r-ra frugal of 
words, according to his friends. 
And like a true Scotsman, he was 
an enthusiastic golf player until 
a few years ago when “pressure of 
work” - and an untrained slice - 
caused him to give up the game. 
He says that now his pleasure 
comes from work and from loafing 
around his new house, completed 
last year. But he plans to resume 
golf again soon, preferably with- 
out the slice. 

- Warren Hastings 





ZIPP 


. of Wichita 


Harold W. Zipp, now Chief En- 
gineer for the Wichita Division 
of Boeing Airplane Co., started 
designing his first airplane at 
the age of 15. He and his cousin 
built the plane in Lincoln, Neb., 
during their summer vacation in 
1921. 

That same summer, 
perience in the shops and to im- 
prove his airplane, Zipp went to 
work without pay for the Harding- 
Zook-Bahl Co., which manufactured 
a 3-cyl engine called the “Lark”. 





With a degree in mechanical en- 
gineering as his goal, Zipp en- 
rolled at the University of 
Nebraska. However, in the spring 
of 1928, before he was graduated, 
a newspaper advertisement brought 
him to Wichita to become the en- 
tire engineering department of 
the Laird Airplane Co. Leaving 
Laird the following year, Zipp 
worked for Knoll Airplane Co. of 
Wichita for a short time before 
he decided to return to college. 

He completed requirements for 
his mechanical engineering de- 
gree in 1930, and took up four 
different jobs in rapid succes- 
sion. The first, with Arrow Air- 
craft Corp. in Lincoln, he held 
part time while completing col- 
lege. After graduation, he left 
Arrow and went to work for the 
Winkler-Koch Engineering Co., the 
Great Lakes Pipe Line Co., and 
then Phillips Petroleum Co. In 
1931, he left Phillips to become 
a draftsman for Stearman Aircraft 
Corp., now known as the Wichita 
Division of Boeing Airplane Co. 

During the following six years, 
he was successively Project En- 
gineer, Chief Draftsman, and As- 
sistant Chief Engineer; and in 
1937 he became Chief Engineer. 

The engineering on the armed 
services’ popular trainer, the 
Boeing Kaydet - 10,346 of which 
were built for the United States 
Army and Navy and Allied forces 
during World War II - was accom- 
plished under Zipp’s supervision. 
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to get ex-. 


Also, responsibility for Boei,. 
Wichita engineering on Sy 
B-29’s turned out by the Wichi:. 
Division fell to him. His effor, 
since the war have been toward t}, 
development of peacetime aircraf; 

Zipp and his wife, Paulin. 
have a 10-year old son, Stepher 
Besides work and family, Zipp is 
interested in IAS, Kiwanis, ang 
Pi Kappa Alpha activities, and j, 
flying, photography, and his hone 
workshop. 


- W. As Day 


MORRISON 
of Cincinnati 


Ralph E. Morrison began his as- 
sociation with the automotive 
industry back in 1914, as an ac- 
countant, not as an engineer. He 
was the Certified Public Account- 
ant hired to consolidate the old 
United States Motor Truck (Co. of 
Cincinnati and the Stewart Truck 
Co. of Covington, Ky. 

In the new company, the United 
States Motor Truck Co., Inc., Mr 
Morrison rose to the position of 
Auditor and Comptroller in 1918 
During the next year, he became 
Vice President - General Manager 

Not confining himself to the 
administrative side of the auto- 
motive industry, he worked during 
World War I with Christian Gir 
and Col. Glover of the Motor 
Transport Corps on development 
of the famous 5-ton Class | 
Liberty truck for the services 

When United States Motor Truck 
went out of business in 1925 
Morrison joined John J. Kelly 1 
the Kelly Auto Body Co. 
then Morrison has been designing 














Since 


and producing custombuilt bodies 
particularly insulated and ref1- 
gerated bodies. 

Morrison’s memories of SAE meet 
ings date back to the early twen 
ties when he and E. C. Shumare 
attended SAE Annual Meetings to- 
gether at the old Algonquin Hote! 
in Detroit and the meetings held 


at Indianapolis during race week 
- Harold B. Frye 
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SECTION NEWS 


CONTINUED FROM PAGE 863 


NORTHERN CALIFORNIA Section 
aembers were told on June 23 that 
although from a rancher’s view- 
ooint the ‘best” fuel for his 
light plane might be automotive 
fyel because of its availability, 
it is not good fuel for the air- 
plane’s fuel system. 

In presenting the results of 
their study of light aircraft 
fuel systems, R. Aj eas, 4... 
Whitney, F. G. Bollo, and A. G. 
Cattaneo of Shell Development Co. 
reported that if automotive fuels 
are used with either gravity feed 
r diaphragm pump systems, vapor 

ck will occur well within the 


range of practical operating con- 
jitions. 

They found that 7-psi- RVP avia- 
tion fuels can be used safely 


nder all practical conditions in 
a properly designed gravity feed 
) , but that diaphragm 
fuel pump systems are marginal 
At Northern California’s May 26 
meeting, Fred Lautzenhiser of In- 
ternational Harvester Co., told 
members that the wise purchaser 
f large trucks will request more 
jata than just specifications and 
prices from the truck salesman. 
find the best truck for the 
the purchaser needs informa- 


tion on 


fuel system 


_load distribution layout 
Legality of size and weight 
Performance ability 
Fstimated operation costs 
Service facilities 
Availability of replacement 

part S 
Appearance 
Delivery date 


Closer clearances, higher temp- 
, 4 Pp 


eratures, and higher speeds in 
modern equipment make it more 


complicated, yet more important, 

select the right lubricant, 
larl W. Georgi of Quaker State 
nl Refining Corp. told the 
CENTRAL ILLINOIS Section on 
April 26 

Present-day greases, he ex- 
plained, are made of fluid lubri- 
cating oils absolved in soap-base 
additives. Where good water 
emulsification properties are 
required but temperatures are not 
‘gh, calcium- and aluminum-base 
greases are good. 

Nhere greases must stand high 
temperatures but water emulsifi- 
‘ation quality is not important, 
Sodium-base greases excell. Some 
‘ew sodium- and lithium-base 
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greases are both resistant to 
water and able to withstand high 
temperatures, making them all- 
purpose greases, he said. 

At SOUTHERN CALIFORNIA Sec- 

tion, 180 took part in Technical 
Chairman J. J. Robson’s 20-minute 
panel discussions devoted to 
passenger cars on May 20. John P. 
Bond reported that use of air- 
craft fittings and attention in 
design to closer tolerances is 
producing more continuous runs 
with fewer failure in the 180- to 
275-cu in. displacement classes of 
racing cars. 
P. W. Drew praised the new low 
pressure tires as having faster 
turning speed through better 
traction, saving 5% in fuel, 
making less road noise, and im- 
proving appearance. E. Lynn 
Ballagh outlined the operational 
sequence of the Buick Dynaflow 
transmission, pointing out the 
differences between torque con- 
verters and hydraulic drive sys- 
tems. 


“Nothing new under the sun” was 
the theme of Prof. Dean Fales’ 
talk before the M.I.T. Student 
Branch on May 18. Prof. Fales, 





an M.1I.T. staff member, recounted 
the history of the automobile, 
beginning with a French steamer 
of 1760 and continuing through 
the car of today. 

He pointed out examples of 
developments such as fluid and 
magnetic clutches and the opposed- 
piston engine that were first 
used 30 or 40 years ago, yet are 
now considered new. 


DYNAMIC LOADS 


CONTINUED FROM PAGE 72 


with respect to the ground under 
road test conditions cannot be 
easily measured. These accelera- 
tions measured with the strain 
gage pickup equipment during the 
drop test are compared with ac- 
celerations taken during a road 
test. (Paper “Determination of 





USE 


“O” RING SEALS 


(The modern packing method) 


FOR SIMPLICITY * RELIABILITY * LOW COSTS + SPACE SAVINGS 





This 314” x 8” Pivoting Type 1250 PSI Hydraulic Cylinder, used for 
hydraulic actuation and control of farm implements, meets Farm Equip- 
ment Institute Standards. In dirty, heavy duty service, it gives the equiv- 


alent of 5 years’ service. 


“O” Ring Seals are used on the piston, piston rod and end caps to sim- 
plify the construction and assembly, to decrease costs and give dependable 


or 


© Investigate "'O”’ 
Ring Seals for your 
packing problems. 
Consult the “O" 
Ring pioneers. 
Send for our ""O"’ 
Ring Handbook. 
It's free—no obli- 
gation, 











long life. “O" Ring Seals are also being used in “package type” farm 
: tractor lift systems on check, relief, un- 
loading and sequence valves—gaskets, 
pumps and life cylinders. 


PLASTIC and RUBBER 


Gam Products, inc. = 
3110 Oakridge Drive, Dayton 7, Ohic 























PrWERE JUST ISN'T 
ANY '‘ONE-SHOT’ 
CUTTING FLUID” 


—_—_—_ 
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nts a ‘ 
ae correct cutting 


fluid for the job- 


require 
termine = 
found it nee to 
mmenda- 
on the reco C 
rely Jot experienced cutting 
i] people. It's i. antl 
‘oa to over-standat — : 
over-economize when 
comes to cut 


this, 1 have 


— 
A Word About SOLVOL 
water-mixed cutting compound 


SOLVOL, D. A. Stuart Oil Company’s 
modern water-mix compound, will 
solve some of your machinery prob- 
lems, eliminate some of your head- 
aches. SOLVOL is more than just a 
high grade emulsifiable cutting fluid. 
It is a unique product incorporating 
extra cutting qualities which enable it 
to perform metal cutting jobs beyond 
the scope of other soluble products. 
Write for SOLVOL Booklet. 


Another Time-Tested 
Stuart Product 


p.A. Stuart fil Co. 
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Dynamic Loads in Coach Struc- 
tures,” was presented at SAE 
National Passenger Car and Pro- 
duction Meeting, Detroit, March 
4, 1948. It will be printed in 
full in SAE Quarterly Transac- 
tions. This paper is also avail- 
able in full in multilithographed 
form fromSAE Special Publications 
Department. Price: 25¢ to mem- 
bers, 50¢ to nonmembers. ) 


Outlines Ways To End 
Poradox of Airlines 


Based on speech by 


L. T. COHU*® 


Trans World Airline 


AIRLINE management, suppliers, 
government, and airline employees 
share the responsibility for 
checking the paradox of the air- 
lines: that although the airlines 
of the United States are carrying 
more passengers and cargo and 
doing it more efficiently, they 
are losing more money than ever 
before. This was the situation in 
1947, and figures for the early 
months of 1948 indicate that the 
losses may continue unless air- 
line problems are soon solved. 


The airlines can help themselves 
considerably by cooling their 
competitive fervor. They can com- 
bine efforts in market research 
and in research and development 
of facilities and equipment. At 
medium and small cities, they 
can pool airport services. At 
large cities, they can pool main- 
tenance and overhaul of engines, 
instruments, and accessories. 
And everywhere, they can con- 
solidate downtown ticket offices. 

The airlines can cooperate in 
standardizing accessories, sys- 
tems, cockpit arrangements, load- 
ing devices, and other equipment. 
Individuality in these items is 
a luxury the airlines cannot 
afford. 

Instead of pressing for dupli- 
cation of route awards and faci- 
lities for extending through 
carrier service where additional 
service is uneconomic, the air- 
lines can coordinate their sched- 
ules and interchange equipment. 
Plans for future expansion must 


*Present connection: Consolidated 
Vultee Aircraft Corp. 
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be based on realistic estin 
of demand and costs. 4 
Manufacturers who supply aj 
lines can give immediate bell, 
by speeding supplies of replace. 
ment parts - some of whic} 
Scarce even three years afte, 
V-J Day. For example, lack o¢. 


ia 


particular type of bushing ha: 
been forcing overhaul shops t 
cannibalize spare engines. 

Airplane manufacturers Car 
give long-range help by cooper. 
ating with airlines to mak, 
structural and aerodynamic desi, 
compatible with simple and de. 
pendable accessory and syste 
design. 


ales 


1 are 


The cost of complexity is ob. 
vious from TWA’s experience with 
DC-4’s - estimated to be nearly 
2% times as complex as the [IX-3 . 
and Constellations - over ]' times 
as complex as the DC-4. During 
the year 1946 alone, the cost o{ 
introducing these new planes was 
more than $8,000,000, in additior 
to the capital cost of the equip- 
ment and spare parts. Besides 
grounding of the Constellations 
cost TWA about another $7,000.00 

Government can contribute most 
to sound airlines by making sure 
that its budgetary and monetary 
policies do not unduly disrupt 
the price level. Spiralling o! 
prices robs the fruits of in- 
creased efficiency. The airlines 
can not pass along to passengers 
and shippers much of the rise 1 
cost of labor and materials be- 
cause competition among airlines 
and between airlines and surface 
carriers 1s so intense. 

Basic government policy dealing 
with the economic and safety regu- 
lations of the airlines, as this 
policy is expressed in acts 
Congress, needs very little over- 
haul. What is needed is the re- 
moval of the chaos and the incon- 
Slstenhcies in interpretati 
the policies set forth by 
Civil Aeronautics Act of 1936 
The Civil Aeronautics Board should 
recognize that: 

1. Excessive competition 1s 
not necessary in a business § 
closely regulated as the airline 
industry. 

2. A master plan for route de- 
velopment must be drawn if t! 
chaos and expense of unduly dup!) 
cated services are to be avoided 

3. The national defense impor- 
tance of the airlines and the ex 
penses of their developmenta! 
period require a mail rate ig 
enough to cover proper costs 4n¢ 
occasionally a special allowance 
to cover exceptional costs force® 
on the airlines through no fau!! 
of their own. 
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| Decisions in the public in- 
verest do‘not require that each 
; sould immediately be given 
a feeder line route whether it 
-an be supported or not, or that 
,city asking for one-carrier 


city sh 


eaci : ; : 
eervice should be given it if by 
<9 doing an unsound airline sys- 
ten would result. 


Certain routes, particular- 
ly in the international field, 
having been granted primarily as 
a matter of international policy, 
should be given special financial 
support Dy the government. 

Government policy with respect 
-o airline labor leaves much to 
be desired by airline management. 
The Taft-Hartley Law does not ap- 
ly to the airlines. Instead they 
till operate under a Railroad 
abor Act which does not particu- 
larly suit the airline business. 
Labor itself must realize that 
its monetary rewards and economic 
security depend upon the success 
f the airline enterprise. Labor 
leaders need not operate on the 
premise that an occasional strike 


r 
i. 
7 


is a good thing to keep manage- 
ment in line and labor union dues 
paid. Everyone loses in a strike. 
Mirlines must lay their financial 
facts on the table for their em- 
ployees to see, so that they can 
liscover for themselves that low 
ost production of airline service 
means high wages and steady em- 

yment. (Dinner speech was pre- 
sented at SAE National Aeronautic 


“ 
Veeting 


April 15, 1948. This 
paper 1s available in full in 
mmeographed form from SAE Spe- 
ial Publications Department. 
Price: 25¢ to members. 50¢ to 


nonmembers. ) 


One Stress Prescribed 
in Disc Design Method 


Uigest of paper 


By C. M. McDOWELL 


Packard Motor Car Co. 


BY applying Stodola’s equation 
{ r the compatibility of centri- 
‘ugal stresses and Timoshenko’s 
*quation of equilibrium for a 
Particle in a disc, it is possi- 
Ste to design a disc for which 
either the radial or the tangen- 
tial stress distribution along 
‘he radius is prescribed for a 


PlvVen rne 
a} 


{ 


course, the prescribed stress 
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distribution must be realistic. 
It must meet boundary conditions, 
as well as not exceed the allow- 
able maximum stress. For example, 
a radial-stress distribution pre- 
scribed for a bored disc not 
pressed onto the shaft must be 
zero at the bore and must corres- 


‘pond to average blade pull at the 


rim. 


FORMULA GIVES SECOND STRESS 


Once the distribution of one of 
the two stresses along the radius 
has been prescribed, the other 
stress is determined from the 
compatibility formula. Since there 
are no shear stresses and axial 
stresses can be neglected, the 
equation becomes a first-order 
linear differential equation of 
quite simple form. The constant 
of integration can be used to 
fix one boundary condition for 
the stress distribution which is 
being sought. 

Solution of the compatibility 
equation provides the disc de- 
Signer with a compatible pair of 
stress curves. To obtain the disc 
outline, he must substitute the 
stress values in the Timoshenko 
equation for the equilibrium of a 
particle, which involves the disc 
thickness. 


TERMS EVALUATED GRAPHICALLY 


The easiest way to solve this 
differential equation is to sort 
out the terms which will not in- 
tegrate as logarithms and evalu- 
ate them graphically. Solution of 
the equation for points along the 
radius will give the required 
thickness at each point. 

This method does not account for 
thermal stresses - although it 
might be possible to extend the 
method toinclude them for turbine 
disc design. Until there is more 
data on temperature distribution 
inside turbine discs, it may be 
wise to account for thermal 
stresses by keeping their effect 
in mind when deciding on the 
centrifugal stress curves to be 
used. 

(Paper “Prescribed-Centri fugal - 
Stress Design of Rotating Discs,” 
was presented at SAE Annual Meet - 
ing, Detroit, Jan. 14, 1948. This 
paper is available in full in 
multilithographed form from SAE 
Special Publications Department. 
Price: 25¢ to members, 50¢ to 
nonmembers. ) 
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maintenance costs 


on your 
Fuel, Oil, and Air Lines 








with 


Titeflex 


All-Metal Tubing 





Maintenance costs and replacement 
costs practically vanish when you 
install TITEFLEX flexible auto- 
motive lines. TITEFLEX is made 
entirely from metal to withstand 
high engine temperatures and re- 
sist the deteriorating effect of gas, 
oils, and other fluids. Fully flexi- 
ble, TITEFLEX holds up under 
excessive vibration. 

Because of their longer service, 
TITEFLEX lines actually cost less 
than rubber or synthetic composi- 
tion or fabric packed hose. Insist 
on the best—specify TITEFLEX. 
Literature on request. 


TITEFLEX, INC., S12 Frelinghuysen Ave., Newark 5, WN. J. 
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All-Metal Flexible Tubing 
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DC 44 Silicene Grease 


for reliable 
permanent lubrication 
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PHOTO COURTESY MOTOROLA INC; 

DC 44 Silicone Grease permanently lubricates the 

plunger-soleneid contact surfaces in this Motorole 

Avto Radio push-butten tuner. 
Actual performance is the only true measure of a 
lubricant's quality. That is why more and more 
manufacturers are specifying Dow Corning 
Silicone Greases for their lubrication problems. 
Their tests show that longer lubrication life, 
greater oxidation resistance, elimmation of 
gumming, and indifference to temperature 
extremes are all characteristic of the silicone 
greases. 


Motorola inc. of Chicago had a_ lubrication 
problem in their auto radio push-button tuner. 
The tuning is accomplished by a solenoid and 
plunger with a dash-pot action between the 
two for smoother operation. A thin film of the 
lubricant selected had to be permanent and 
maintain its consistency over the operating 
temperature range from —20° to 160°F. to 
give the dash-pot action. 

Their engineers tested many lubricants but the 
only one to allow satisfactory operation and 
still lubricate after 75,000 cycles was DC 44 
Silicone Grease. It maintains the right consistency 
to give smooth action and permanent lubrication. 
Even in thin films this silicone grease does not 
run out or form gum. 

We recommend DC 44 Silicone Grease for 
permanently lubricated anti-friction bearings, 
and for high temperature applications up to 
350°F. DC 41 Silicone Grease is recommended 
for temperatures up to 450°F. DC 33 Silicone 
Grease is both a low and a high temperature 
grease and is recommended for use from 
—95° to 300°F. 

lf you want permanent lubrication or have high 
temperature or low temperature problems it will 
pay you to investigate Dow Corning Silicone 
lubricants. Write for data sheet D 7-5 or call 
our nearest sales office. 


DOW CORNING CORPORATION 
MIDLAND, MICHIGAN 
New York * Chicago ¢ Cleveland «+ Los Angeles 
Dalles « Atlante 
in Caneda: Fiberglas Canada, Lid., Toronte 
in England: Albright and Wilson, Lid., London 
Pe one 
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Metering Simplified 
in Fuel-injection Pumps 


Based on paper by 
G. M. Lange 
and C. W. Van Overbeke 


Ex-Cell-O Corp. 


(This paper will be printed in 
full in SAE Quarterly Trans- 
actions. ) 


IN an effort to provide fuel in- 
jection equipment at lower cost 
and to simplify control of fuel 
metering, Ex-Cell-O Corp. has 
developed asingle-plunger intake- 
metering pump, suitable for mani- 
fold or cylinder injection into 
spark-ignited automotive engines. 

The injection pump consists of 
three principal parts: 

1. Fuel supply pump 

2. Fuel metering valve 

3. Pumping and distributing 

plunger 





As Fig. 1 shows, fue] from the 
fuel tank is pumped by the supp), 
pump into a reservoir. The fy. 
metering valve controls the 4j,. 
charge of fuel from the reseryoi, 
into the line lead ing to th. 
plunger. . 

The valve is a fuel thrott]. 
connected to the air thrott]. 
through a linkage calibrated ;, 
provide the proper amount of fy! 
for the corresponding airf| 
over the operating range of th 
engine. 

The supply pump delivers to the 
reservoir about twice as much 
fuel as the engine requires. Th 
excess, prevented from reaching 
the plunger by the fuel metering 
valve, enters a line returning 
from the reservoir to the fue| 
tank. An orifice installed in th 
return line is set so that at 
full engine speed the supply pum 
develops about 30 psi pressure 1; 
the reservoir. 

The pumping and distributing 
plunger is driven off the pum 
drive gear at a 2-to-l reduction 
ao that the plunger revolves a 
half engine speed. The pump show 
in Fig. 1 is designed for a 4-cy! 
engine and has a cam for each 


uel 





injection syste 
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linder. The cam face is held 
i ast a roller in the pump base 
+e? spring. The plunger makes 
pS strokes during each revolu- 
sca: On the up stroke, fuel 
enters the plunger reservoir 
during the time the intake ports 
in the plunger are in registry 
with intake ports in the plunger 


; dmit 
sleeve. The sleeve ports a 


S fuel ducted from the metering 


e. 
a the plunger reaches the 


upper end of its stroke, revolu- 
tion of the plunger takes the in- 
take ports out of registry. As 
the plunger starts on the down 
stroke, the plunger discharge 
outlet comes into registry with 
an outlet in the plunger sleeve, 
and the metered quantity of fuel 
discharges into a fuel line which 
conveys the metered fuel to an 
atomizing nozzle located in the 
manifold, cylinder head, or cyl- 
inder head intake port. (Paper 
“Fuel Injection for Spark Ignited 
\utomotive Engines,” was presented 
at SAE National Transportation 
Meeting, Philadelphia, March 31, 
1948. This paper is available in 
full in mimeographed form from 
SAE Special Publications Depart- 
ment. Price: 25¢ to members, 50¢ 


nonmembers. ) 


Find Fits, Finishes 
For Engines Differ 


Based on paper by 
AUGUST SUNNEN, JR. 


Sunnen Products Co. 


ENGINE manufacturers differ in 
their recommended smoothness of 
cylinder wall finish and in spe- 
cified clearance between piston 
pin bosses and the pin for re- 
conditioning engines, according 
to a survey of leaders in the 
field, 

Finish recommendations varied 
from 4 to 8 micro-inches RMS for 
a carengine to 20 to 30 micro-inches 
RMS for atruck engine. We feel a 
cylinder wall finish slightly be- 
low 20 micro-inches is close to th 
ideal. The way to get this is 
“ith a 280-grit silicon carbide 
stone, used with honing lubri- 
cant, after rough honing or 
doring. 


There are two reasons for this. 


AUGUST, 1948 





S.S.WHITE FLEXIBLE SHAFTS 
. « 7 « 
One problem created by changing body 
lines and panel designs is — location of 
instruments and accessories such as radios, 
antennas, clocks, heaters, windshield wip- 


ers and others which require either hand 


control or power drive. 


But this is one problem over which de- 
sign engineers need do little head scratch- 
ing. With S.S.White flexible shafts, such 
instruments and accessories, and their 


controls, can be placed wherever desired. 


Consider S.S.White flexible shafts also, 
when developing new power driven or 
hand controlled conveniences for motor 
cars. They may be the means of making 
such new devices practicable. 


THIS 260-PAGE FLEXIBLE SHAFT HANDBOOK — FREE 


It gives all the information and technical 






data you need to work out applications. 
We'll gladly mail a complimentary copy, 
if you write for it on your business letter- 


head and mention your position 


5.5. .WHIT F inpus TRIAL ors 








DEPT. J, 10 EAST 40th ST., NEW YORK 36, H. Vice 


MAALA CUTTING AND Game tems - SPECIAL PORMMA BUBOERS 
mcneee aueeees - Last Were - Cen) PLAST) motewee 


Out of Americas AMAA Industrial Enterprises 
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First, a single-cut boring pro- 
duces a 60 micro-inch finish on 
the average. Adding a finishing 
cut drops the average to about 45 
micro-inches. Second machining 
fact of life is that a cut of 
several thousandths leaves torn 
and amorphous metal on the cylin- 
der wall. With honing, thousands 
of abrasive grains bite into the 
metal instead of only one or two 
cutters. Each grain takes a tiny 
cut from the wall. 
Piston-to-piston-boss toler- 
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ances also wandered all over the 
lot. One manufacturer said pins 
must be selectively fitted to 
give from 0.0002 to 0.0005-in. 
clearance. Another, on a 7-in. 
diameter pin and 16 1/2-in. dia- 
meter piston, allows 0.002 to 
0.003 in. running clearance be- 
tween pin and pin boss. Clearance 
in the rod is from 0.005 to 0.007 
in. 

Comparable clearances ona ]-in. 
pin would run about 0.003 to 
0.004 in within the piston and 
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0.007 to 0.001 an. in the fog 
Still athird manufacturer Rees 
recommends a definite Clearance 
This company specifies a fing, 
fit push at 70 deg. The pin, 
hold its weight in the hole a: 
the fit should be made wit},, 
any oil. ’ 
Old-fashioned methods of fittin, 
to a “feel,” such as this pp. 
scribed finger-fit, is not ty 
best way of doing it. “Feel” fi, 
depend on surface finish jn ¢h, 
hole as well as straightness 4. 
roundness. A multi-peaked roy 
or uneven surface can’t do th 
job of a full-contact bearing gy;. 
face in a straight, round hole 
with definitely-control led 9; 
clearance. High spots quick! 
wear down and the clearance m 
soon exceed desirable limits. 
Accurately-gaged pin holes to. 
gether with pins fitted | 
specific clearance is the « 
way to assure good fits. (Paper 
“Fits and Finishes,” was present 
ed at SAE St. Louis Sectio: 
Sept. 9, 1948. This paper i; 
available in full in multilitho-. 
graphed form from SAE Special 
Publications Department. Price 
25¢ to membe rs, 50¢ to nonmembers 
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About SAE Members 
CONTINUED FROM PAGE 8! 











W. LAURENCE LE PAGE has bee 
appointed vice-president incharge 
of a newly created Engineering 
Department of the Adrian Ba 
Advertising Agency, Inc., Phi! 
delphia. This department ¥1 
specialize in an engineering 4 
proach to sales and advertisi" 
problems. 


R. F. GAGG, president of A 


Associates, Inc., manufacturers 
and distributors of aviatio! 
equipment and supplies, has 4 
nounced the sale of its 


Angeles plant to the Parker Ap 
pliance Co. of Cleveland, Uh 
Air Associates will continue ' 
maintain its Los Angeles Branc! 
with a complete service stall 4! 
warehouse stock to serve aviatl 
on the West Coast. 

DR. GUSTAV EGLOFF, directo! 
of research, Universal (Oi! Prod 
ucts Co., has been reeiecte® 
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+ of the Chicago Tech- 


residen h 
ical Societies Council. 
pical + 
NOEL URQUHART 1s now manager 


¢ mechanical engineering, Engi- 
neering Products Department, 
R( 4 Victor Division in Camden, 


N. J. 
LESLIE B. HEYWOOD has been 


transferred from Spokane to the 
Portland, Oreg. office of Con- 
eolidated Freightways. His new 
position 1s inspector of equip- 


nent, and he has been with this 
company for over 12 years. Heywood 
is on the Nominating Committee of 


SAE Spokane Intermountain 


the 


Section 





New Members Qualified 


These applicants qualified for 


S .dmission to the Society between 


lune 10, 1948 and July 10, 1948. 
Grades of membership are: (M) 
Wember: (A) Associates; (J) 
Junior; (Aff.) Affiliates; (SM) 
Service Members (FM) Foreign 


Member. 


Baltimore Section: Myron S. Gordon 
SM), Joseph John Gouza (J), John 
Clifford Martinka (A), F.J. Smith 
4), John W. Thompson (J). 


Rritish Columbia Group: Elliott 
Barber (A), John Malcolm 
Billingsley (A), Nelson Howard 
Charlton (A), Thomas L. Coulthard 
M), Clarence C. McAllister (A). 


Buffalo Section: Felix John 


Grycel, Jr. (J), Damon L. Wescott 
\l) 


lanadian Section: John Crawford 
Annesley (A), Robert M. Foote (A), 
A. Roy Jupp (J), John D. Vicary 
] 


tentral Illinois Section: 
Lasky (M) - 


Wayne 


Chicago Section: C.0. Benson (A),. 
‘tarles Curtis Berckhemer (J), 


scar T. Ericson (M), Robert W. 
‘elbig (A), E. Clem Jensen (J), 
Mlliam O. Johnson (A), Edward 


Charles Levit (J), John R. McGuire 
N), Joseph Michelini (A), Kenneth 
Holston Myers ye Ray C. Nelson 
\), Harvey J. Rowe (A), David C. 
Stukey M), Thomas E. Sullivan 
Y), Sanford B. Wanner (A). 
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43), 
‘Elbert S. Rowland (M), Thomas C. 


Cleveland Section: James Elmo 
Farmer (SM), Roy S. Godbey (A), 
Matthew C. Kuepfer (M), Edward T. 
Kump (M), John E. Martin (A), 
George E. Meese (M), Arch R. 
Miller (M), George Boswell Moseley, 
Jr. (A), Lloyd Jackson Moulton 
Millard A. Rhoads (M), 


Spase (J), William H. Thomas, Jr. 
(A), John A. Vitkovits (J), Carl 
W. Weesner (M). 


Colorado Group: H. D. Lang (A), 
Allan P. Shelly (M). 


Dayton Section: Richard McKinney 
Allison (A), Lamar T. Cox (A), 
Darius S. Flinn (J), Robert 
William Huller (A), William A. 
McDorman (J), Robert H. Semenoff 
C3Y. 


Detroit Section: Leonard E. Adler 
(J), James Colbert Baker (A), 
Albin John Burkman (M), E. J. 
Cloutier, Jr. (A), Claude A. 
Crusoe (A), Harry Joseph Doyle 
(A), Burke M. Hyde, Jr. (J), Thor 
S. Johnson (A), Hart M. King (J), 
Donald Herman Koch (A), N. 
Krishnaswami (A), James M. Mason, 











You can save 3 WAYS with... 
Essex Packaged’ Wiring Harness 


1. ENGINEERING 
2. FIRST COST 
3. INSTALLATION 


Scores of manufacturers have 
found that they save time, trouble and 
money by turning their electrical wiring har- 
ness problems over to Essex specialists. 


Essex One-Source service handles the 
intricate job of es lighting, igni- 
tion and control harness assemblies cus- 
tom-built to your exact specifications and 
complete with all manual and electrical 
control devices for quick, efficient in- 
stallation. 

Through intensive specialization in 
wiring harness assemblies, Essex has 
developed line production methods of 
manufacturing, assembly and inspection, 
for the economical production of high 
gtade, individually tested, specially en- 
gineered assemblies. 


lf you manufacture... 


Automobiles 





















Trucks and Trailers 


TEEroabrrrriry 


,| ~ 2 





Busses and Trackless Trolleys 





Tractors 










par a 


t Aircraft 





Investigate Essex “One-Soudte” service today! 


ESSEX WIR 


WIRE ASSEMBLY 





CORPORATION 


ND CORD SET DIVISION 


SALES DEPARTMENT 


MONTICELLO, 


INDIANA 


Sales Offices: Chicago, Ill.; Cleveland, Ohio; Dayton, Ohio; Detroit, Mich.: Kansas 
City, Mo.: Los Angeles, Calif.; Milwaukee, Wis.; Newark, N. J.; Philadelphia, Pa.; 


San Francisco, Calif.; St. Louis, Mo. 
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Jr. (J), Charles C. Maynard (J), 
Richard J. McCafferty (M), Richard 
R. Moore (J), Harold T. Niles (J), 
Frank Nogar, Jr. (J), Robert 
Campbell Pascoe (J), Joe S. Rains 
(J), Ralph Redmond (A), George W. 
Roberts (J), Cornelius J. Van 
Halteren (J), J. E. Vollmer (A), 
Albert Vos (A), Frederick A. 
Weihe, Jr. (M). 


Hawaii Section: Charles R. Baptiste 
(A), Harvey P. Dawrs (M), Harold 


J. Hutchins (SM), Jack Chrisitan 
Latte (A), Lloyd Lowery (A), 
Kenneth D. McNicoll (A), Thomas 
E. Miller (A), Robert William 
Munroe (A). 


Indiana Section: Car! F. Lauenstein 
(M), George S. Myers (M), Paul L. 
Schneider (M). 


Metropolitan Section: William W. 
Buckley (J), John Henry Crowder, 
Jr. (J), Donald A. Diehl (A), 





HONED RACEWAYS 
give HOOVER ball bearings 





30 7 Vonger life 







POLISHED 
GROUND 


A pee 





Long after the average ball 
bearing has been replaced, 
Hoover Honed Raceway Bearings 
will still be operating quietly, smooth- 
ly and efficiently. Hoover Ball Bearings 
follow the usual processes of grinding and 














polishing. Then comes a third step, a plus 
feature that only Hoover offers. The bearings are 
honed by an exclusive method on special Hoover 
machines, The result is raceway curvatures representing 

the closest approach to perfection in uniformity, precision 

and smoothness ever achieved on a commercial basis. This 
means life and load capacity and a degree of quietness of opera- 
tion duplicated only by expensive laboratory samples. Specify 







Hoover Ball Bearings and secure the plus values of honed raceways. 


THE ARISTOCRAT 
OF BEARINGS 


America’s on! i 
— y Ball Bearing 
a" OOVOP © with woneD RACEWAYS 


HOOVER BALL AND BEARING CO. ANN ARBOR. MICH. 
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William Dzus (M), Charl... 
Faroni (M), John R. Flannery (, Er 
Donald A. Howes (M), John § 
Jaquith (J), Ben Karp (J), ¢,, 
F. Marshall (A), R. J. Masie. Fa 
(J), Ralph T. Millet (J), Nicholas 
Leonard Paternoster (J), Sey... 
J. Raymond (J), Henry Scharf 1 


Leate; Pe' 


Mid-Continent Section: Claude y 
Murray, Jr. (J), Randal) 4 L 
Sanger (J). Ka 


Milwaukee Section: Pay] f 
Allmendinger (J), Frank L. Harris Vi 
Jr. (J), Thomas Evander White (j 


Mohawk-Hudson Group: Dean | 
Fisher (M), C. Eugene Lopez (A 



















New England Section: C. Norma, 
Fay (A), Joseph Nunes (A), 


Northern California Section: Fred 
E. Greger (A), James A. McAdans 
(M), Robert W. Roth (M). Joh 
Torik (A), Oliver Clare Whitaker 
(A). 


Northwest Section: Ralph Clement 
Keast (A), Theodere Charles Las: 
(A), William C. Tarbet, Jr. (J 


Oregon Section: Louis S. Kuhn (A 


Philadelphia Section: Victor ¥ 
Mantz (M), Orian Samuel Reasor 
Jr. (J), F. Thomas Snyder (J) 


Pittsburgh Section: Milton P 
Rearick (J). 


Salt Lake Group: M.H. Miller (A 


San Diego Section: Harvey Frederick 
Gerwig (M). 


Southern California Seation 
Richard Edgar Jenkins (M), Ernest 
C. McAfee, Jr. (J), LeRoy Mylander 
(A), Harry Pappas, Jr. (J), Harry 
C. Powell (M). 


Southern New England Sectio 
William F. Loomis (A). 


Spokane Intermountain Section 


Cecil Phipps (A). 


Syracuse Section: Eibe ¥ Deck 


(M). 
Texas Section: Pete M. Curray (4 


Virginia Section: Patrick E 
Garner (M), Frederick Tracy Mors 
(M), Harry A. Patterson (A). 


Washington Section: A. R. Goovt 
(A), James H. Horton (SM). 


Outside Section Territory: Willian 


A. Dobbs (A), Robert C. Forma 
SAE JOURNAL 
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1) Louis H. Hyneman (A), George 
Frnie Murray (A), Vernon S. 
Peterson (A), John P. Smeekens 
1) Harry J. Sprecken, Jr. (A), 
Edwin Williams (A). 


Sobhi Ahmed Ali (J), 


Foreign 
Bs. cland; ¥. Leland Archer (FM), 
D | Capt. Eric Anstee Beecroft 


ry). England; Hartley Melvin 
Chaplin (FM), Australia; Otto 
Kar] Christoph (A), So. Amer, ; 
\‘frica; Mincho Alfredo Dalmau- 
Pichardo (A), West Indies; Peter 
Victor Dunn, (J), So. Africa; 
Victor Dunn, (J), So. Africa; 
George Charles Dutton (FM), 
England; Geoffrey Edwards (FM), 
England; Edgar George Gray (A), 
England; V. Krishnaswami (J), 
India; Tor Axel Odman (FM). 
Sweden; Edward Victor Paterson 
f\\), England; Nemali Ramamurthi 
fy), India; Jesus B. Rendon (A), 
\exico; John Harold Weaving (FM), 


En sland. 





Applications Received 


The applications for membership 
‘eceived between June 10, 1948 and 
july 10, 1948 are listed below. 


Raltamore Section: Robertson W. 
Mi lhedm 


British Columbia Group: Harry 
Raymond Howse. 

Ruffalo Section: Francis J. 
Mambretti, Daniel F. O’ Donnell. 


anadian Section: Z. M. Ferley, 
James William Minton, Frank 
harles Patterson, HaroldChristie 
Purdy, Arthur A. Searlett, J. S. 


Walker 


entral Illinois Section: Dale 
TOY Richardson. 


Milcago Section: Edwin Edward 
Vato Mi chae] Joseph Dudas, Ralph 
rfield, Omer William Swaney, 


teveland Section: Frank M. Allen, 
"Mlliam L. Hamilton, Alfred M. 
"astert, Niles A. Huggler, Frank 
©. hom, William C. Sanker, Robert 
; Shenk, S. Blackwell Taylor, 
‘rius Van Ramshorst, Donald P. 
"lliams, Frederick D. Wyss. 


Siorado Group: Francis E. Raglin. 
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Dayton Section: Robert FE. Harris. 


Detroit Section: Clay Patrick 
Bedford, Charles J. Benner, John 
J. Bush, Edward M. Eberhart, Jr., 
Charles R. Goodyear, William Hock, 
W. Philip Holcombe, Shiba Pada 
Hore, Herbert Russell Keesy, 
George A. Kendro, Chester A. Kus, 
Harry E. Miller, Jr., Earl L. 
Morrison, H. A. Oestreich, Turgut 
Oydam, Albert O. Roberts, Jr., 
Fay A. Roepcke, Lawrence I. Ruby, 


George C. Shawley, A. D. Wagner, 
Paul D. Wright. 


Hawaii Section: Burley G. Barton, 
Lester J. Howard, Franklin Carl 
Leensvaart. 


Indiana Section: Jerome Collins, 
William A. Flumerfelt, William 
Mack Groover, Ralph M. Lehman. 


Kansas City Section: Clark S. 
Armstrong. 





Engineered by Borg & Beck 
means...MAXIMUM PERFORMANCE 


MINIMUM MAINTENANCE! 


BORG & BECK 


FOR THAT VITAL SPOT WHERE POWER TAKES HOLD OF THE LOAD! 





BORG & BECK DIVISION 
BORG-WARNER CORPORATION 


CHICAGO 38, ILLINOIS 







































































Metropolitan Section: Arthur S. 
Athens, John H. Boyle , Harold 
Burg, Franklin M. Cohn, Mervin E. 
Conn, Jack Ellis Cox, Irwin Haupt, 
Seymour Charles Himmel, Arthur 
Kaplan, William W. McClintock, 
William Gethin Owen, George 
Sonnermann, Henry Albert Weber, 
Charles Whol. 


Mid-Continent Section: Glenn A. 
Carlson, Philip S. Donnell, Duane 


Elvin Marquis, Clarence L. 


Sterling. 


Milwaukee Section: Rudolf Martin 
Hempel, Vet. V. Homes, Nicholas 
F. Ledanski, Alfred M. Morrow. 


New England Section: Lawrence W. 
Kelly. 


Northwest Section: Homer W. Keith. 


Northern California Section: 
Carrol W. Frazier, Gustavus 
Simmons Miller, Jr. 


Dimples 
ery mela # 
Time-Saving 
Snap Action 


FOUR UNIT AASLO SNAP-MOUNT 
CIRCUIT BREAKER Now Available 





@ Now automobile headlights, windshield wiper, horn, heater 
and other electric equipment can be wired to one circuit breaker 
assembly, saving valuable assembly time and money. It’s the 
dimples in the mount and circuit breaker case (shown in the 
magnified view) that give the snap action and speed up pro- 
duction. Circuit breakers snap into the mount securely and 
quickly, by finger pressure. No spot welding. No screws. No tools 
needed. And, if desired the mount can be attached to the car 
body . . . the circuit breakers assembled on the wiring harness, 
and snapped into the mount when the car is wired. Engineered 
and made to last the life of the car. Write for further informa- 


[ASLO 





CIRCUIT BREAKERS ©1948 


tion, or phone our Detroit office, 
6432 Cass Avenue, Detroit 2, 
Michigan. Phone Madison 6300. 








Safeguard Operation of Avtomotive Electrical Equipment Instantly Z 
... Automatically . . . from Dangerous Overloads or Short Circwits. / 











F. A. SMITH MANUFACTURING CO., INC., ROCHESTER 2, N.Y. 
Hectrical Engineering and Manufacturing Serving the Automotive Field for 26 Years 
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Northern New England s 
Tao-Wen Ma. 


CCtigs 


Philadelphia Section: Fy. 
Hamilton Calkins, i 
S.Mosinskis, Charles S. Vander). 
Wilbur F. Wilhelm, Jr. 


Pittsburgh Section: W. L. x, 


San Diego Section: William Geors 
Gebhardt. ’ 
Southern California Section: | 

DeVere Dame, Richard Joces 
Farrell, Edward Joseph Forise 
Harold L. Greenhut, Stuar: p 
Kalmus, A. W. Koehler, Hey, 
Morgenroth, Paul P. Mozley, Rober 
Marquis Seeley, Floyd Elliov 
Snow, Charles M. Towner, Phi}, 
Daniel Umholtz, Edward RB. Wi1¢ 


Southern New England Sectjo, 
Robert H. Fraser. 


Texas Section: Eben W. Berry 
Artemon P. Johnston, Ralph # 
Morgan, Jr. 


Twin City Section: Robert { 
Heule, Earl Robert Hinz, Robert 
George Lusian. 


Washington Section: Howard ! 
Edwards, James L. Geddes, Alvi 
Winegard. 


Outside of Section Territ 
Harold Francis Caplett, Thiel 
Patrick McGehee, F. W. Schwett 
mann, Harold E. Smith, Ray 
Walter Walchli, Frank R. Walker 
Foreign: George Fk. Hill, Venez 
George J. McTique, Peru; Fra 
Henry Ordidge, England; Frani 
Alastair Wadsworth, England 





Change of Address 





So that your SAE mai 
reach you with the least 
sible delay please keep >A 
quarters and the Secret 
your local Section or Gr 
vised of any changes 1! 
address. Such notaces S! 
sent to: 

1. Society of Automotiv’ 
neers, Inc., 29 West 39th 
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New York 18, N.Y. 
» The Secretary OF Assistant 
Secretary of your Section or 


Group at the addresses listed 


below 


¢ Baltimore 


R. D. Taber, Koppers Co., Pisten 


ning Div-, Bush & Hamburg Sts., 
Baltimore 3, Md. 
e Buffalo 


Robert D. Best, Frederic Flader, 
Inc., 775 Main, Buffalo, N.Y. 


e Canadian 


Cc. E. Phillips, Perfect Circle 
Co., Ltd., 175 Wicksteed Ave., 
Leaside, Ont., Can. 


e Centrai Illinois 


K. J. Fleck, Caterpillar Tractor 
Co., Peoria, Ill. 


e Unhicago 


T. A. Scherger, Studebaker 


s Corp., Main & Bronson Sts., South 


Bend ap Ind. 


< 


e Cincinnati 


W. A. Kimsey, R. K. LeBlond 
Machine Tool Co., Madison Ave. & 
Edward Rd., Cincinnati 8, Ohio 


e Cleveland 


Miss) C. M. Hall, 7016 Euclid 
Ave., Cleveland 3, Ohio 


e Dayton 


R. S. Goebel, Production Con- 
trol Units, 901 Shroyer Rd., 


Dayton 9, Ohio 


e Detroit 


(Mrs.) S. J. Duvall, Detroit 
ffice, SAE, 100 Farnsworth Ave., 
Detroit 2, Mich. 


e Hawaii 


E. G. McKibben, Pineapple Re- 
search Institute, P.O. Box 3166, 
Honolulu 2, T. H. 


e Indiana 


R. P. Atkinson, Allison Div. , 


veneral Motors Corp., Indian- 
apolis, Ind. 


F eKansas City 


Frederick V. Olney, Gas Service 
\o., Kansas City, Mo. Division, 
542 Grand Ave., Kansas City 6, Mo. 


¢ Metropolitan 
(Miss J. A. McCormick, Society 
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of Automotive Engineers, 29 West 
39th St., New York 18, N.Y. 


e Mid-Continent 
W. K. Randall, Carter Oil Co., 
P. QO. Box 801, Tulsa, Okla. 


e Northern California 


H. M. Hirvo, Enterprise Eng. & 
Fdy. Co., 600 Florida St., San 
Francisco 10, Calif. 


e Northwest 


Mi lwaukee 


Co., Waukesha, Wisconsin 


C. F. Naylor, Ethyl Corp., 1411 
Fourth Ave., Seattle Wash. 


Wiles, Waukesha Motor 
e Oregon 


Ray Mobley, 


Laurence Cooper, 


a i ee te 





Ingenious New 


Technical Methods 


To Help You 
Increase Efficiency 


,  _ 
ee a ee, 
a fon t _ 

4 an 


Wentworth & Irwin, 
Inc., 1005 W. Burnside, Portland 
New England 9, Ore. 


W. F. Hagenloch, Lenk, Inc., 


1305 Boylston St., Boston 15, e Philadelphia 














New Cartridge Seal Solves 
Rotating Shaft Sealing Problems 


Stepped-up efficiency in sealing of rotating shafts can 
now be accomplished with a new Cartridge-type 
Seal mounted on the shaft. 

The Cartridge-type Seal shown above is mounted within 
a Tuthill Pump. The seal contains all parts in one 
housing cup and insures positive double sealing: A 
high grade permanent lubricant is contained within 
the inside chamber of the housing. 

Surfaces within the Cartridge-type Seal are lapped flat to 
within a few millionths of an inch to insure perfect 
mating. And, being a complete unit, only one mount- 
ing face is necessary. Clamps are eliminated, and 
adjustments or alignments are not required. Simply 
push the Cartridge-type Seal onto the shaft, tighten 
mounting screws and that’s all. 

Just as new engineering developments increase efficiency 
and performance, so can workers’ efficiency be in- 
creased through the use of chewing gum. The act of 
chewing helps relieve nervous tension, thus helping 
to make the work go smoother and easier. That's 


why plant owners everywhere more and more are 
making Wrigley’s Spearmint Chewing Gum avail- 
able to all. 
Complete information may be obtained from 
Cartriseal Corporation 
Chicago 7, Illinois 


200 No. Laflin Street 
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Lancaster Ave., Ardmore, Pa. 


ePittsburgh 

J. Edward Taylor, Gulf Research & 
Development Co., P. O. Drawer 2038, 
Pittsburgh 30, Pa. 


e St. Louis 
R. 7. Adolphson, Sunnen Prod- 
ucts Co., 7910 Manchester, St. 


Louis 17, Mo. 


@ San Diego 


H. L. Stone, San Diego State 
College, Dept. of Physical Science, 
San Diego, Calif. 


e Southern California 


C. L. Fernau, Standard Oil Co. 
of Calif., 605 W. Olympic Blvd. , 
Los Angeles 36, Calif. 


e Southern New England 


C. O. Broders, Pratt & Whitney 
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Aircraft Div., United A 
Corp., 400 Main St., F 


Conn. 


1Pcraf 
. Hart for, 


e Spokane-Intermountain 


J. F. Conner, Auto Interurh., 
Co., W. 508 Cataldo, Tiehen, 
Wash. fa 


e Syracuse 


W. F. Burrows, Aircooled Moto, 
Inc., Liverpool Rd., Syracuse § 


n.d 

e Texas 
E. C. Steiner, OEM Industrie 

301 N. Justin St., Dallas, Te 


1ex 


e Twin City 












R.- J. Strouse, Mack-Int’] 


Truck Corp., 2505 “er Se 
Ave., St. Paul 4, Minn. 


e Virginia 
S. L. Baird, Fairfield Trans): 
Co., R.F.D. 1, Sandston, Va 


e Washington 


H. A. Roberts, G. M. Roberts 
Brothers Co., 17th & U Sts 
N. W., Washington 9, D. C. 


e Western Michigan 


L. W. Kibbey, Sealed Power Cor 
500 Sanford, Muskegon Heights 
Mich. 


e Wichita 


M. L. Carter, Southwest Grease 
Oil Co., Inc., 220 W. Watermar 
Wichita 2, Kansas 


GROUPS 


e British Columbia 


Burdette Trout, Truck Parts 
Equip. Ltd., 1095 Homer St 


Vancouver, B. C., Can. 


e Colorado 


S. G. Scott, Fenner Tubbs & 
1009 E. Fifth Ave., Denver, 


e Mohawk-Hudson 


C. M. Myers, Reo Motors, | 
149 B’way, Menands, Albany, ».! 


e Salt Lake 


H. C. Slack, Fruehaut Traaier 
Co., 1082 S. Second W., Salt Lae 
City, Utah 


e Williamsport 


J. W. Hospers, Lycoming Di 
Anco Mfg. Corp., 1515 Park 
Williamsport, Pa. 
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